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(54) ELECTROLYTIC PHOSPHATING PROCESS AND COMPOSITE COATING FORMED ON STEEL 
SURFACE 



(57) The present invention provides a phosphate 
chemical treatment technology suitable for electrolytic 
treatment. 

The present invention discloses a phosphate chem- 
ical treatment bath containing at least phosphate ions 
and phosphoric acid, nitrate ions, metal ions that form a 
complex with phosphate ions in the phosphate chemical 
treatment bath, and metal ions for which the electrical 
potential, at which the ions of the metal dissolved in the 



phosphate chemical treatment bath are reduced and 
precipitate as metal, is equal to or greater than the 
anodic electrolytic reaction potential of water as the sol- 
vent; the concentration of metal ions other than those 
which are a component of the film in the treatment bath 
being 0-400 ppm, and the treatment bath being sub- 
stantially free of solids that have an effect on the film for- 
mation reaction. 



Fig. 3 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a method for carrying out a phosphate chemical treatment by electrolysis 
and a compound film formed on a steel surface. 

BACKGROUND ART 

w [0002] Japanese Unexamined Patent Publication (Saikohyo) No. 5-822481 describes an electrolytic treatment 
using a phosphate chemical treatment bath basically free of sludge and comprising phosphate ions, oxoacid ions con- 
taining nitrogen, and film component metal ions. This treatment bath is characterized by not allowing the formation of 
sludge at a pH of 2-4 and at a temperature of 40°C or less. 

[0003] However, the phosphate chemical treatment bath of Japanese Unexamined Patent Publication (Saikohyo) 
15 No. 5-822481 uses sodium hydroxide and sodium nitrite for adjusting the pH or as accelerators that are unrelated to the 
film components. 

[0004] Consequently, this method cannot be said to be an electrolytic phosphate chemical treatment method that 
efficiently forms a film. 

[0005] Therefore, in consideration of the above problems, the present invention provides a phosphate chemical 
20 treatment method, that is able to efficiently form a film, and a compound film obtained by this method. 

[0006] Prior to explaining the electrolytic phosphate chemical treatment method of the present invention, an expla- 
nation is first provided regarding the difference between "electrolytic treatment" and "non-electrolytic treatment" surface 
treatment technologies using aqueous solutions. 

[0007] The difference can be clarified by discussing "plating", a wet surface treatment technology that is presently 
25 used widely. 

[0008] Namely, there are both "electrolytic" and "non-electrolytic" methods of plating, and both methods are already 
used practically. However, the mechanisms of the treatment bath differ between "electrolytic" and "non -electro lytic" 
methods. 

[0009] More specifically, in the case of "electroplating", the components in the solution do not react. The reaction is 
30 an electrochemical reaction that uses an external power supply for the reaction energy source. Furthermore, during 
"electroplating" treatment, chemicals (reducing agents) are not used for accelerating the electrolytic reaction chemi- 
cally. 

[0010] In contrast, in the case of non-electrolytic plating, the components in the solution react. In addition, instead 
of using an external power supply for the reaction energy source, the electrochemical reaction uses electrochemical 
35 energy (energy that forms a potential difference by a chemical reaction) formed during an oxidation reaction (anodic 
reaction) of a reducing agent (chemical substance having a small degree of dissociation of an aqueous solution) added 
to a solution and a reduction reaction (cathodic reaction) of a metal ion in solution. 

[0011] "Plating" forms a metal film in a reduction reaction of a metal ion (cation), and phosphate chemical treatment 
forms a phosphate film in an oxidation reaction (dehydrogenation) of phosphate ion (anion). 
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DISCLOSURE OF THE INVENTION 



[0012] The inventor of the present invention considered that if electrolytic treatment and non-electrolytic treatment 
were possible in "plating", practical application of electrolytic treatment would be possible in addition to non-electrolytic 
45 phosphate chemical treatment of the prior art even in a phosphate chemical treatment which is the same wet surface 
treatment as in the plating, thereby leading to completion of the present invention. 
[0013] The following provides an explanation of the concept of the present invention. 

(1) Those items of electrolytic phosphate chemical treatment technology that were to be examined were deter- 
50 mined by conducting a comparative study of the existing wet electrolytic surface treatment technology and the elec- 
trolytic phosphate chemical treatment technology based on an existing surface treatment technology. 

(2) Preferable treatment conditions were discovered within the studied areas by studying the preferable state of the 
electrolytic phosphate chemical treatment reaction. 

(3) The film formed by the proposed electrolytic phosphate chemical treatment method was studied. 



[Existing Surface Treatment Technology] 

[0014] Before explaining the contents of the present invention, an explanation is first provided regarding surface 
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treatment technology of the prior art. The technology of the electrolytic phosphate chemical treatment method of the 
present invention was investigated by correlating this surface treatment technology of the prior art with the electrolytic 
phosphate chemical treatment technology to be obtained. 

[001 5] The surface treatment technologies currently established practically, including the technology of the present 

5 invention, are classified in the manner indicated below. 

[0016] A surface treatment technology is initially classified into a "dry surface treatment" or a "wet surface treat- 
ment". The surface treatment technology of this "wet surface treatment* 1 is further classified into "non-electrolytic treat- 
ment" and "electrolytic treatment". Here, specific examples of surface treatment by " no n -electrolytic treatment" include 
"non-electrolytic plating" and "non -electrolytic phosphate chemical treatment". In addition, specific examples of "elec- 

w trolytic treatment" include "electroplating", "anodic oxidation" and "electrodeposition coating", and the "electrolytic phos- 
phate chemical treatment" of the present invention belongs in the classification of "electroplating". 

[Wet Surface Treatment (Discussion of Reaction Energy)] 



75 [0017] As was mentioned above, wet surface treatment is classified into two types, namely "non-electrolytic treat- 
ment" and "electrolytic treatment". 

[001 8] The difference between "non-electrolytic treatment" and "electrolytic treatment" depends on the energy that 
promotes the reaction. 

[0019] "Non-electrolytic treatment" is dependent on chemical energy of a chemical added to a treatment bath such 
20 as a reducing agent (plating) or an oxidizing agent (phosphate chemical treatment). In contrast, "electrolytic treatment" 
is dependent on electrical energy from an external power supply. 

[0020] Consequently, in the case of "plating", the baths for "non -electrolytic plating" and "electrolytic plating" are 
basically different, and a "non-electrolytic plating" bath is not used for electrolytic treatment. 

[0021 ] If this idea is applied to a phosphate chemical treatment method, the treatment methods during a "non-elec- 
25 trolytic treatment bath" and an "electrolytic treatment bath" should have contents that are basically different. 

[Electrolytic Treatment in Wet Surface Treatment] 

[0022] A schematic diagram of electrolytic treatment is shown in Fig. 1. Electrolytic treatment uses an external 
30 power supply, and is composed of three constituents broadly divided into a counter electrode, solution and article to be 
treated in the electrolysis tank. 

[0023] The state in which these three constituents are involved in the electrolytic treatment reaction differs accord- 
ing to the type of wet electrolytic treatment. A summary of this is shown in Table 1 . 



35 

Table 1 



Classification of Wet Electrolytic Treatment (Q: Reacts X: Does not react) 




Counter electrode 


Solution 


Work piece (article 
to be treated) 


Applied voltage 
level 


Existing technol- 
ogy 


Electroplating 


o 


X 


X 


1 0 V or more 


Anodic oxidation 
(aluminum materi- 
als) 


X 


O 


O 


Several tens of V 
or more 


Electrodeposition 
coating 


X 


O 


X 


100 V or more 


Electrolytic phosphate chemical treat- 
ment 


O 


O 


O 


1-50 V 



[0024] The following provides an explanation of the contents of Table 1 . 

[0025] In "electroplating", a plating film component in the form of an anode (counter electrode) (e.g., zinc electrode 
in the case of zinc plating) is dissolved by application of voltage or current, the dissolved plating film component passes 
55 through the solution in a complexed state, and precipitates at the cathode. For this reason, the only component that 
reacts is the counter electrode component that dissolves. The article to be treated is the cathode, and there is no reac- 
tion such as dissolution in the electrolysis tank. 

[0026] In "anodic oxidation", an aluminum material in the form of an anode dissolves in the tr atment bath, solvent 
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(water) and solute ions (anions) decompose accompanying the rise in voltage at that time, and oxygen ions (O 2 ) 
formed accompanying this decomposition and dissolved aluminum combine resulting in the formation of an aluminum 
oxide (Al 2 0 3 ) film on the surface of the aluminum material. A material that does not dissolve (react) during electrolysis 
is used for the counter electrode (cathode). 

5 [0027] In "electrodeposition coating", voltage is applied to colloidal organic and inorganic substances dispersed in 
water, the colloidal substances are electrolyzed by electrophoresis or precipitation and so forth followed by precipitation 
on the electrode (article to be treated) surface and solidification (coated film). Namely, "electrodeposition coating" 
involves an electrolytic reaction of components in solution, and those which react due to application of voltage are only 
the water of the solvent and the colloidal contents dispersed in water. The electrodes (counter electrode and article to 

w be treated) do not dissolve or react in any other manner. 

[0028] In addition, it is important in "electrodeposition coating" that the solution state be maintained in a limited 
state (range). 

[0029] If the solution state cannot be kept in a limited state due to changes (reactions) in solution components 
caused by coagulation or decomposition and so forth, it is impossible to form an effective electrodeposited coating film. 
15 Consequently, the electrodeposition coating bath is constantly maintained at a prescribed temperature and is subjected 
to ultrafiltration. Moreover, articles to be treated prior to electrolysis are placed in an electrolysis tank after washing with 
pure water to prevent entry of unnecessary ions (such as Na ions) from the previous step. 

[0030] In contrast, the "electrolytic phosphate chemical treatment" of the present invention is completely different 
from the three technologies described above in that the three constituents of the "counter electrode", "solution" and 
20 "article to be treated" all dissolve and react. The reason why it was difficult to achieve practical application of this "elec- 
trolytic phosphate chemical treatment" in the prior art was because this difference was not recognized and it was there- 
fore not possible to develop technology that accommodates this difference. 



[Studied Items of Electrolytic Phosphate Chemical Treatment] 

25 

[0031] Table 2 identifies those items to be studied for the "electrolytic phosphate chemical treatment" in the present 
invention based on a study of the contents of various types of existing electrolytic treatment baths and phosphate chem- 
ical treatment baths. 
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Table 2 

Comparison of Properties of Electrolytic Treatment Baths 





Electrolytic 
treatment 


Studied Items 






Reaction of 
solution 
compo- 
nents that 
become film 


Electrolyte 
tendency of 
bath 


Bath pH 
control 


Presence of 
unneces- 
sary ions 


Presence of 

reaction 
accelerator 


Inorg anic/ 
organic dis- 
tinction 


Existing 

Electrolytic 

treatment 


Electrolytic 
plating 


No 


Intermediate 
(complex) 


No 


Yes (Na+) 


No 


Inorganic 
ion reaction 


Anodic oxi- 
dation (alu- 
minum 
material) 


Yes (sol- 
vent) 


Large (strong 

electrolyte 

bath) 


Yes 


No 


No 


Inorganic 
ion reaction 


Electrodepo- 
sition coating 


Yes 


Small (non- 
electrolyte 
bath) 


Yes 


No 


No 


Organic 

substance 

reaction 
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Table 2 (continued) 



Comparison of Properties of Electrolytic Treatment Baths 





Electrolytic 
treatment 


Studied Hems 






Reaction of 
solution 
compo- 
nents that 
become film 


Electrolyte 
tendency of 
bath 


Bath pH 
control 


Presence of 
unneces- 
sary ions 


Presence of 

reaction 
accelerator 


Inorg anic/ 
organic dis- 
tinction 


Phosphate 

chemical 

treatment 


Conven- 
tional elec- 
trolytic 
phosphate 
chemical 
treatment 
(prior art) 


Yes 


Small (accel- 
erator 
added) 


Yes 


Yes (Na+) 


Yes 


Inorganic 
ion reaction 




No n- electro- 
lytic phos- 
phate 
chemical 
treatment 
(ref) 


Yes 


Small (weak 

electrolyte 

bath) 


Yes 


Yes (Na+) 


Yes 


Inorganic 
ion reaction 




Electrolytic 

phosphate 

chemical 

treatment 

(present 

invention) 


Yes 


Intermediate 
(complex) 


Yes 


No 


No 


Inorganic 
ion reaction 



[0032] For items studied in relation to electrolytic treatment reaction control that are shared by "electrolytic plating", 
"anodic oxidation" and "electrodeposition coating", which are all existing forms of electrolytic treatment, the film forma- 
35 tion reaction is carried out only on the surface of the article to be electrolyzed inside the electrolysis tank, and measures 
are taken to ensure that it is not carried out at other locations inside the electrolysis tank. Namely, although it is impos- 
sible to completely prevent reactions similar to the film formation reaction from occurring inside the electrolysis tank at 
locations other than on the surface of the article to be electrolyzed, measures are taken so that film formation on the 
surface of the article to be electrolyzed can be made practical. 

AO [0033] From this viewpoint, the following provides an explanation of each studied item for each electrolytic treat- 
ment. 



(1) Although "electroplating" involves dissolving the plated metal at an anode and then precipitating it at a cathode, 
the bonding of metal ions dissolved in the electrolysis tank is prevented. A complex is used as the means for pre- 

45 venting this bonding. 

The treatment bath of "electroplating" is a complex bath of metal salts. The reason for this is to prevent bonding 
and precipitation of metal ions in solution (reaction of solute components in solution) while the plating metal is being 
dissolved from an electrode (anode) and precipitated on the cathode. A well-known example of a complex is cyano 
(CN) complex. The electroplating bath is normally not transparent, and although it may contain ions not involved in 

so film formation such as Na ion, measures are taken so that the complex does not decompose in the treatment solu- 
tion. As a result of these measures, only metal ions precipitate on the surface of the cathode allowing the formation 
of a plated film. (Since Na ions have a different precipitation potential than the plating metal ions, they does not pre- 
cipitate on the cathode. This is in agreement with electrochemical principles.) 

(2) "Anodic oxidation" involves electrolytic treatment using an article to be treated as the anode and an insoluble 
55 electrode as the cathode. If ions not required for the film formation reaction become involved at that time, there is 

an effect on both the dissolution reaction of the material (e.g., aluminum) and the oxidation (film formation) reaction. 
This is because dissolved aluminum ions are extremely active in the treatment bath. An anodic oxide film is formed 
by reacting dissolved aluminum ions with oxygen ions (O 2 ) formed by the decomposition of solvent in the form of 
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water. The contamination of the treatment solution by impurities is severely restricted to prevent the dissolved alu- 
minum ions from reacting with other ions. 

(3) "Electrodeposition coating" involves the formation of a coating film by electrolyzing a component in solution on 
an electrode surface. Only the solvent in the form of water and a colloidal organic substance dispersed in the water 
5 react due to application of a voltage. There is no reaction involving the dissolving of an electrode (counter electrode 

and article to be treated). 

[0034] In the case of electrodeposition coating, it is important that the solution state be maintained in a prescribed 
state (range) that allows the formation of a satisfactory coating film. It is impossible to form an effective electrodeposited 
io coating film if the solution state cannot be controlled due to changes (reaction) in the components in solution due to 
coagulation, decomposition and so forth. For this reason, the electrodeposition coating bath is maintained at a constant 
temperature at all times and is subjected to ultrafiltration to prevent self-coagulation of colloid components dispersed in 
the bath and to maintain a dispersed state. 

[0035] In addition, the electrodeposition coating bath severely restricts contamination by inhibiting ions (e.g., Na 
15 ions), and is maintained in a state that approaches pure water. This is because the presence of inhibiting ions inhibits 
the precipitation reaction on the electrode surface. 

[0036] The above technical findings obtained from the electrolytic treatment of the prior art can be summarized in 
the manner indicated below. 

[0037] In the case of electrolytic treatment, it is necessary that components in solution that are involved in film for- 
20 mation are not allowed to react except on the electrode surface (interface), and it was found that the following measures 
are necessary to accomplish this. 

i: Prevention of contamination by impurities (anodic oxidation, electrodeposition coating) 

ii: Prevention of self-coagulation of components in solution by constant filtration, circulation and temperature main- 
25 tenance, etc. (electrodeposition coating) 

iii: Utilization of complexes (electroplating) 

[0038] It is believed that practical utilization of the "electrolytic phosphate chemical treatment method" in the 
present invention can be carried out by reflecting the above technical findings for that method. The above conclusion, 
30 "In the case of electrolytic treatment, components in solution that are involved in film formation must not be allowed to 
react except on the electrode surface" is a concept that is common to all forms of electrolytic surface treatment. How- 
ever, the specific measures for accomplishing this vary according to each type of treatment. 

[0039] The reason why the prior art was unable to achieve practical utilization of an efficient electrolytic phosphate 
chemical treatment method, which is the object of the present invention, is that specific measures could not be found to 
35 prevent components in solution, that are involved in film formation, reacting at locations other than the electrode sur- 
face. 

[Electrolytic Phosphate Chemical Treatment Method of the Present Invention] 

40 [0040] The "electrolytic phosphate chemical treatment method" of the present invention is able to embody not sub- 
stantially allowing components in solution that are involved in film formation to react at locations other than the electrode 
surface even though electrolysis is performed. 

[0041] In order to accomplish this, the present invention is a method of forming a film containing at least a phos- 
phate and a metal that does not form the phosphate on the surface of an article to be treated having electrical conduc- 
es tivity by performing electrolytic treatment by contacting the article to be treated with a phosphate chemical treatment 
bath containing at least phosphate ions and phosphoric acid, nitrate ions, metal ions that form a complex with phos- 
phate ions in the phosphate chemical treatment bath, and metal ions for which the electrical potential at which the ions 
dissolve in the phosphate chemical treatment bath is reduced and precipitates as metal, is equal to or greater than the 
anodic electrolysis reaction potential of the solvent in the form of water or equal to or greater than -0.83 V (indicated as 
so the hydrogen standard electrode potential), 

characterized by the phosphate chemical treatment bath having a concentration of meta! ion other than the film 
component of 0-400 ppm and being substantially free of solids having an effect on the film formation reaction, 

and the article to be treated being treated by electrolysis in the phosphate chemical treatment bath with a metal 
55 material that forms a complex with phosphate ions in the phosphate chemical treatment bath, and a metal material 

for which the electrical potential at which the ions thereof dissolved in the phosphate chemical treatment bath is 
reduced and precipitates as metal is equal to or greater than the anodic electrolysis reaction potential of the solvent 
in the form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard electrode potential). 
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[0042] In particular, in the present invention, the film formation reaction can be carried out smoothly and efficiently 
on the surface of the article to be treated in the phosphate chemical treatment bath by minimizing reactions other than 
film formation in the bath as much as possible, by making the concentration of metal ions other than the film component 
in the phosphate chemical treatment bath 0-400 ppm, and by making the phosphate chemical treatment bath substan- 

5 tially free of solids having effect on the film formation reaction, and not adding an accelerator. 

[0043] In particular, in the present invention, since the concentration of metal ions other than the film component in 
the phosphate chemical treatment bath is made to be 0-400 ppm and the phosphate chemical treatment bath is sub- 
stantially free of solids having an effect on the film formation reaction, the film formation reaction can be carried out with- 
out being based primarily on the precipitation of phosphate from the bath, thereby being able to provide, for the first 

w time, a film containing at least the phosphate and a metal that does not form phosphate on the surface of the article to 
be treated. 

[0044] It is preferable that the phosphate chemical treatment bath contains 0-100 ppm of metal ions, other than 

components of the film at least containing phosphate, for film formation to be carried out efficiently. 

[0045] A preferable example of a specific composition of the phosphate chemical treatment bath comprises a 

15 nitrate ion concentration of 6-140 g/l, a phosphate ion and phosphoric acid concentration of 0.5-60 g/l, a concentration 
of metal ions that form a complex with phosphate ion in the phosphate chemical treatment solution of 0.5-70 g/l, and a 
concentration of metal ions, in which the electrical potential resulting from ions dissolved in the phosphate chemical 
treatment solution being reduced and precipitating as metal is equal to or greater than the anodic electrolysis reaction 
potential of a solvent in the form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard elec- 

20 trode potential), being 0-40 g/l. 

[0046] It is preferable that the phosphate chemical treatment method does not use an acid having a degree of acid 
dissociation larger than the degree of acid dissociation of the phosphate ion. 

[0047] Here, an example of an acid having a degree of acid dissociation larger than the degree of acid dissociation 
of phosphate ions is nitric acid. 

25 [0048] If an. acid having a larger degree of acid dissociation than the phosphate ions is added to the treatment bath, 
the film formation reaction of the phosphate on the surface of the article to be treated is inhibited in the treatment bath, 
thereby preventing the reaction from being carried out efficiently. 

[0049] Metal ions that form a complex with the phosphate ions in the phosphate chemical treatment bath are pref- 
erably of at least one of metal selected from the group consisting of zinc, iron, manganese and calcium. 

30 [0050] Metal ions for which the electrical potential, resulting from the ions dissolved in the phosphate chemical 
treatment solution being reduced and precipitating as metal, is equal to or greater than the anodic electrolysis reaction 
potential of the solvent in the form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard elec- 
trode potential) are preferably at least metal ions selected from the group consisting of nickel ions and copper ions. 
[0051] The present invention also provides an electrolytic phosphate chemical treatment method comprising a 

35 method of forming a film containing at least a phosphate on the surface of an electrically conductive article to be treated 
by contacting the article to be treated and electroiyzing it in a phosphate chemical treatment bath containing at least 
phosphate ions and phosphoric acid, nitrate ions and metal ions that form a complex with phosphate ions in the phos- 
phate chemical treatment bath, wherein 

40 the phosphate chemical treatment bath contains 0-400 ppm of metal ions, other than the component of the film, and 

is substantially free of solids having an effect on the film formation reaction and, 

the article to be treated being electrolyzed in the phosphate chemical treatment bath between metal materials that 
form a complex with phosphate ion in the phosphate chemical treatment bath. 

45 [0052] In the case of employing this method, although the resulting film is a chemical film consisting primarily of 
phosphate, since 0-400 ppm of metal ions other than the components of the film are contained in the phosphate chem- 
ical treatment bath, and the phosphate chemical treatment bath is substantially free of solids having an effect on the 
film formation reaction, the film formation reaction in phosphate chemical treatment can be carried out efficiently. 
[0053] It is more preferable that the concentration of metal ions other than components of the film containing at 

so least the phosphate in the phosphate chemical treatment bath is 0-1 00 ppm. 

[0054] The phosphate chemical treatment bath preferably has a nitrate ion concentration of 6-140 g/l, phosphate 
ion and phosphoric acid concentration of 0.5-60 g/l, and concentration of metal ion that forms a complex with phosphate 
ion in the phosphate chemical treatment bath of 0.5-70 g/l. 

[0055] The phosphate chemical treatment bath preferably does not have an acid having a degree of acid dissocia- 
55 tion larger than the degree of acid dissociation of the phosphate ions. 

[0056] At this time, an example of an acid having a degree of acid dissociation larger than the degree of acid dis- 
sociation of the phosphate ions is nitric acid. 

[0057] As a result of the phosphate chemical treatment bath not having an acid having a degree of acid dissociation 
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larger than the degree of acid dissociation of the phosphate ions, film formation can be carried out efficiently for the 
same reason as previously mentioned. 

[0058] Furthermore, the metal ions that forms a complex with phosphate ions in the phosphate chemical treatment 
bath are preferably at least of one of metal ions selected from the group consisting of zinc ions ? iron ions, manganese 
5 ions and calcium ions. 

[0059] Electrolysis using the article to be treated as the anode may be performed in the phosphate chemical treat- 
ment method. 

[0060] Electrolysis using the article to be treated as the cathode may also be performed in the phosphate chemical 
treatment method. 

10 [0061 ] Electrolysis using the article to be treated as the anode followed by electrolysis using the article to be treated 
as the cathode may also preferably be performed in the phosphate chemical treatment method. 

[0062] As a result of performing this electrolysis, a film formation reaction can be carried out on the surface of the 
article to be treated after exposing a fresh surface by etching the surface of the article to be treated. Consequently, a 
film can be obtained having improved adhesion with the surface of the article to be treated. 

75 [0063] Cathodic electrolytic treatment, in which electrolytic treatment is performed using the article to be treated of 
the phosphate chemical treatment method as the cathode, is preferably an electrolytic phosphate chemical treatment 
method composed of at least one of either an electrolytic treatment in which a metal material identical to the metal for 
which ions dissolved in the phosphate chemical treatment bath is reduced and precipitated, and/or an electrically con- 
ductive material that is insoluble in the phosphate chemical treatment bath, is used for the anode, or an electrolytic 

20 treatment in which the metal material that forms a complex in the phosphate chemical treatment bath is used for the 
anode. 

[0064] As a result of using this treatment method, the component ratio of phosphate that forms the film and the 
metal that does not form the phosphate can be suitably adjusted, thereby making it possible to form a film having the 
desired properties on the surface of the article to be treated. 

25 [0065] Cathodic electrolytic treatment, in which electrolytic treatment is performed using the article to be treated of 
the phosphate chemical treatment method as the cathode, is preferably an electrolytic phosphate chemical treatment 
method composed of one cycle of treatment consisting of performing electrolytic treatment in which a metal material 
identical to the metal to which ions dissolved in the phosphate chemical treatment bath are reduced and precipitated, 
and/or an electrically conductive material, that is insoluble in the phosphate chemical treatment bath, is used for the 

30 anode, followed by performing electrolysis in which the metal material that forms a complex in the phosphate chemical 
treatment bath is used for the anode, and performing this cycle at least once. 

[0066] As a result of using this treatment method, a thick film can be formed having the desired properties as pre- 
viously described. 

[0067] Cathodic electrolytic treatment, in which electrolytic treatment is performed using the article to be treated of 
35 the phosphate chemical treatment method as the cathode, is preferably an electrolytic phosphate chemical treatment 
method comprising performing electrolytic treatment by separating an electrolysis tank in which electrolytic treatment is 
performed, in which a metal material identical to the metal for which ion dissolved in the phosphate chemical treatment 
bath is reduced and precipitated, and/or an electrically conductive material that is insoluble in the phosphate chemical 
treatment bath, is used for the anode, and an electrolysis tank in which electrolytic treatment is performed, in which the 
40 metal material that forms a complex in the phosphate chemical treatment bath is used for the anode. 

[0068] As a result of using this treatment method, providing separate electrolysis tanks makes it possible to inde- 
pendently control the respective component precipitation reactions, thereby making it even easier to form a film having 
the desired properties. 

[0069] Furthermore, the metal material identical to the metal for which metal dissolved in the phosphate chemical 
45 treatment bath is reduced and precipitated is preferably at least one of metal selected from the group consisting of 
nickel and copper. 

[0070] The metal material that forms a complex in the phosphate chemical treatment bath is preferably at least one 
of metal selected from the group consisting of zinc, iron, manganese and calcium. 

[0071] If the article to be treated is not contacted with the phosphate chemical treatment bath, it is preferable that 
so the metal material used as the anode, during electrolytic treatment in which the article to be treated is used for the cath- 
ode, is used as the cathode, a material insoluble in the phosphate chemical treatment bath is used as the anode, and 
a voltage of 5 V or less is applied between the anode and cathode. 

[0072] If the article to be treated is not contacted with the phosphate chemical treatment bath, it is preferable that 
the metal material used as the anode, during electrolytic treatment in which the article to be treated is used for the cath- 
55 ode, is used as the cathode, a material insoluble in the phosphate chemical treatment bath is used as the anode, and 
a voltage, at which the cathode substantially does not dissolve, is applied between the anode and cathode. 
[0073] In this manner, by implementing measures when the article to be treated is not contacted with the phosphate 
chemical treatment bath, dissolution of the metal material can be inhibited when not treating the article to be treated. 
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[0074] It is preferable to remove a portion of the phosphate chemical treatment bath from a bath tank having the 
phosphate chemical treatment bath, to thermodyn arnica I ly stabilize the energy state of the portion as a liquid, of the 
phosphate chemical treatment bath, and to later return it to the bath tank. 

[0075] It is preferable to remove a portion of the phosphate chemical treatment bath from a bath tank having the 
5 phosphate chemical treatment bath, and remove the solids that precipitated during phosphate chemical treatment dur- 
ing the course of the film formation reaction, followed by returning it to the bath tank. 

[0076] As a result of using this method, for example, unavoidably formed reaction products (sludge) and nitrides 
(such as N0 2 ) formed by reduction of nitrate ion other than on the surface of the article to be treated by the electrolysis 
reaction can be removed from the treatment bath. Consequently, superfluous reactions other than the reaction for film 

10 formation can be inhibited in the treatment bath. 

[0077] When replenishing components of the phosphate chemical treatment bath, it is preferable to remove a por- 
tion of the phosphate chemical treatment bath, and add replenishing liquid containing treatment bath components at a 
concentration higher than the concentration of at least one component among the components that compose the phos- 
phate chemical treatment bath with respect to the bath that has been removed. 

is [0078] Replenishment of the treatment bath can be performed easily according to this method. 

[0079] The present invention provides an electrolytic phosphate chemical treatment method for electrolytic treat- 
ment using an article to be treated as the cathode comprising a reaction in which a metal, for which the electrical poten- 
tial at which ions dissolved in a phosphate chemical treatment bath are reduced and precipitate as the metal, is equal 
to or greater than the anodic electrolysis reaction potential of a solvent in the form of water or equal to or greater than 

20 -0.83 V (indicated as the hydrogen standard electrode potential), is dissolved in the phosphate chemical treatment bath, 
is reduced by electrolytic treatment from a cationic state and precipitates on the surface of the article to be treated, and 
a reaction in which a metal ion that complexes with phosphate ions in the phosphate chemical treatment bath precipi- 
tates as phosphate crystal corresponding to dehydroge nation of the phosphate ions. 

[0080] According to this treatment method, since two different reactions can be carried out simultaneously in the 
25 treatment bath, a desired compound film can be formed on the surface of the article to be treated. 

[0081 ] Furthermore, metal ions that complex with phosphate ions are preferably at least of one metal selected from 
the group consisting of Fe, Zn, Mn, Ca and Mg. 

[0082] The metal for which the electrical potential at which ions dissolved in the phosphate chemical treatment bath 
is reduced and precipitates as metal is equal to or greater than the anodic electrolysis reaction potential of the solvent 
30 in the form of water or greater than or equal to -0.83 V (indicated as the hydrogen standard electrode potential), is pref- 
erably at least of one metal selected from the group consisting of Ni, Cu, Fe and Zn. 

[0083] It is preferable that the composition of the treatment bath, when performing electrolytic treatment, be such 
that the ratio of the concentration of metal ions that complex with phosphate ions (g/l) to the concentration of phosphate 
ions and phosphoric acid (g/l) be 0.1 or more. 

35 [0084] By making the ratio of the concentration of metal ions that complex with phosphate ions (g/l) to the concen- 
tration of phosphate ions and phosphoric acid (g/l) 0.1 or more, and more preferably 0.25 or more, phosphoric acid 
(H3PO4) is able to exist in the form of phosphate ions (H 2 P0 4 ) in the treatment bath, thereby making it possible to 
inhibit the oxidation reaction of phosphate ions on the cathode surface. In addition, this also controls the phosphoric 
acid present in the treatment bath. 

AO [0085] During the electrolytic phosphate chemical treatment in which electrolytic treatment is performed using the 
article to be treated as the cathode, when starting the electrolytic treatment, it is preferable to vary the voltage applied 
between the metal materials that form the anode and cathode. 

[0086] Moreover, it is preferable that the variation in the applied voltage during the start of electrolytic treatment be 
in the form of pulses. As a result of using this method, even if a film starts to be formed at only a specific location on the 
45 article to be treated during the initial stage of film formation on the surface of the article to be treated, the location where 
the film is formed can be forcibly changed each time the electrolytic treatment voltage changes. Consequently, a film 
can be formed uniformly on the surface of the article to be treated. 

[0087] The present invention provides a compound film composed of a metal that does not form a phosphate and 
a phosphate compound on a steel surface, wherein the metal and phosphate compound that compose the film are dis- 
50 persed throughout the film. 

[0088] The present invention provides a compound film composed of a metal that does not form a phosphate and 
a phosphate compound on a steel surface, wherein at least the metal that does not form a phosphate is present on the 
uppermost surface of the film. 

[0089] The present invention provides a compound film composed of a metal that does not form a phosphate and 
55 a phosphate compound on a steel surface, wherein the film does not exhibit peaks other than the inevitable peak of 
phosphate in X-ray diffraction analysis. 

[0090] The present invention provides a compound film composed of a metal that does not form a phosphate and 
a phosphate compound on a steel surface, wherein the number of atoms of the metal that does not form a phosphate 
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is at least 0.25 the number of phosphorus atoms that compose the phosphate crystal. 

[0091] The metal that does not form a phosphate is preferably at least one of metal selected from the group con- 
sisting of Ni, Cu, Fe and Zn. 

[0092] In addition, the metal that forms a phosphate compound is preferably at least one of metal selected from the 
5 group consisting of Fe, Zn, Mn, Ca and Mg. 

[0093] The steel preferably contains at least 95 wt% iron (Fe) when the whole steel is taken to be 1 00 wt%. 
[0094] The X-ray diffraction analysis is preferably performed by ESCA or EDX analysis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0095] 

Fig. 1 is a schematic drawing showing an overview of electrolytic treatment. 

Fig. 2 is an outline drawing of an electrolytic reaction system. 
15 Fig. 3 is a block diagram showing the composition of an electrolytic phosphate chemical treatment apparatus. 

Fig. 4 is a perspective view of an article to be treated of Example 1 and Comparative Example 1 . 

Fig. 5 is an EDX analysis chart of the flat portion of the article to be treated in Example 1 . 

Fig. 6 is an EDX analysis chart of the outer peripheral portion of the article to be treated in Example 1 . 

Fig. 7 is an EDX analysis chart of the flat portion of the article to be treated in Comparative Example 1. 
20 Fig. 8 is an EDX analysis chart of the outer peripheral portion of the article to be treated in Comparative Example 1 . 

Fig. 9 is a GDS analysis chart of the flat portion of the article to be treated in Example 1 . 

Fig. 10 is a GDS analysis chart of the outer peripheral portion of the article to be treated in Example 1 . 

Fig. 1 1 is a GDS analysis chart of the flat portion of the article to be treated in Comparative Example 1 . 

Fig. 12 is a GDS analysis chart of the outer peripheral portion of the article to be treated in Comparative Example 1 . 
25 Fig. 13 is a perspective view of the article to be treated of Example 2 and Comparative Example 2. 

Fig. 1 4 is an EDX analysis chart of the flat portion of the article to be treated in Example 2. 

Fig. 1 5 is an EDX analysis chart of the flat portion of the article to be treated in Comparative Example 2. 

Fig. 1 6 is an EDX analysis chart of the flat portion of the article to be treated in Example 3. 

Fig. 1 7 is an EDX analysis chart of the outer peripheral portion of the article to be treated in Example 3. 
30 Fig. 1 8 is an EDX analysis chart of the flat portion of the article to be treated in Comparative Example 1 . 

Fig. 1 9 is an EDX analysis chart of the outer peripheral portion of the article to be treated in Comparative Example 

1. 

Fig. 20 is an SEM micrograph of the flat portion of the article to be treated in Example 3. 

Fig. 21 is an analytical photograph of phosphorus of the flat portion of the article to be treated in Example 3. 
35 Fig. 22 is an analytical photograph of zinc of the flat portion of the article to be treated in Example 3. 

Fig. 23 is an analytical photograph of nickel of the flat portion of the article to be treated in Example 3. 

Fig. 24 is an analytical photograph of iron of the flat portion of the article to be treated in Example 3. 

Fig. 25 is an SEM micrograph of the outer peripheral portion of the article to be treated in Example 3. 

Fig. 26 is an analytical photograph of phosphorus of the outer peripheral portion of the article to be treated in Exam- 
40 pie 3. 

Fig. 27 is an analytical photograph of zinc of the outer peripheral portion of the article to be treated in Example 3. 
Fig. 28 is an analytical photograph of nickel of the outer peripheral portion of the article to be treated in Example 3. 
Fig. 29 is an analytical photograph of iron of the outer peripheral portion of the article to be treated in Example 3. 

45 [0096] Next, a more detailed explanation is provided of the action and effect described above while making a com- 
parative study of the prior art. 

[0097] To begin with, according to Japanese Unexamined Patent Publication (Saikohyo) No. 5-822481, which 
describes an electrolytic phosphate chemical treatment method of the prior art, components of a phosphate chemical 
treatment bath having the same composition as non-electrolytic phosphate chemical treatment were used. 

so [0098] Namely, in non-electrolytic phosphate chemical treatment of the prior art, the treatment bath is extremely 
active and the bath composition is easily decomposed in order to form a film by reacting the components in the treat- 
ment bath. This is because the reaction in the bath solution cannot occur unless the treatment bath is active. In order 
to activate the treatment bath, namely, in order to chemically decompose (oxidize: de hydrogen ate) the phosphoric acid, 
measures were taken in which sodium hydroxide and so forth are added to the non-electrolytic phosphate chemical 

55 treatment bath of the prior art to adjust the pH (hydrogen ion concentration) to within the prescribed range, or nitrite ions 
were added as an oxidation accelerator to accelerate the reaction. As a result of adding these chemicals, phosphate 
chemical treatment contains a large amount of Na ions, and as a result, the non-electrolytic phosphate chemical treat- 
ment bath contains large amounts of impurities (unnecessary substances) that do not form a phosphate film. 
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[0099] The electrolytic phosphate chemical treatment method of the prior art used such a phosphate chemical 
treatment bath that contains components other than film components. 

[0100] Consequently, these components other than film components inhibit the formation of the phosphate chemi- 
cal treatment film to be formed on the surface of the article to be treated, thereby preventing the formation of an efficient 

5 film on the surface of the treated portion. 

[0101 ] In contrast, the phosphate chemical treatment bath of the present invention is composed so that the concen- 
tration of ions, such as Na ions, not involved in the film formation reaction, which are metal ions other than the film com- 
ponents, in the phosphate chemical treatment bath, is 400 ppm or less, and preferably 1 00 ppm or less. As a result, the 
stability of the treatment bath as a solution is improved considerably resulting in a composition that does not form a 

to sludge. Moreover, a composition can be employed in which only the components in solution are allowed to react on the 
electrode surface as a result of electrolytic treatment, while the treatment bath only reacts on the electrode surface dur- 
ing electrolytic treatment, and reactions are substantially prevented from taking place at other times and other locations. 
[01 02] Moreover, it is preferable to employ the following means as a means for ensuring that the reaction only takes 
place on the electrode surface during electrolytic treatment in the treatment bath, while reactions substantially do not 

15 take place at other times and at other locations. 

[0103] Namely, as an example of such a means, it is preferable to remove a portion of the phosphate chemical 
treatment bath from a bath tank having the phosphate chemical treatment bath to thermodynamically stabilize the 
energy state of the portion of the phosphate chemical treatment bath as a liquid and then return it to the bath tank, and 
remove a portion of the phosphate chemical treatment bath from a bath tank having the phosphate chemical treatment 

20 bath, pass it through a filter for removing solids precipitated during phosphate chemical treatment in film formation reac- 
tion process, and return it to the bath tank. 

[0104] In addition, in the case the article to be treated is not in contact with the phosphate chemical treatment bath, 
it is preferable to apply a voltage of 5 V or less between the anode and cathode while using for the cathode the metal 
material used as an anode during electrolytic treatment in which the article to be treated was used for the cathode, and 

25 using for the anode a material that is insoluble in the phosphate chemical treatment bath, and if the article to be treated 
is not in contact with the phosphate chemical treatment bath, it is preferable to apply a voltage between the anode and 
cathode so that the cathode does not substantially dissolve, using for the cathode the metal material used as anode 
during electrolytic treatment using the article to be treated for the cathode, and using for the anode a material that is 
insoluble in the phosphate chemical treatment bath. 

so [0105] Moreover, when replenishing components of the phosphate chemical treatment bath, it is preferable to 
remove a portion of the phosphate chemical treatment bath and add replenishing liquid containing treatment bath com- 
ponents at concentrations at least one of which is higher than the concentration of the component of the components 
that compose the phosphate chemical treatment bath relative to the removed bath liquid to the portion removed from 
the electrolysis tank. 

35 [0106] In addition, it is preferable that the composition of the treatment bath when performing electrolytic treatment 
is such that the ratio of the concentration of metal ions that complex with phosphate ions (g/l) to the concentration of 
phosphate ions and phosphoric acid (g/l) is 0.1 or more. 

[0107] As a result of performing the above measures, the phosphate chemical treatment bath is substantially free 
of solids that have an effect on the film formation reaction, and the reaction only takes place on the electrode surface 

40 during electrolytic treatment, while reactions substantially do not take place at other times and at other locations. 

[0108] Furthermore, similar to the "electrolytic phosphate chemical treatment method - of the present invention, 
although "electrodeposition coating", in which a film is formed by reacting components in a solution, requires the utmost 
care to prevent coagulation and decomposition of the components in solution, since the solution is organic, this can be 
accommodated by preventing contamination by impurities, constantly filtering and maintaining the treatment bath at a 

45 prescribed temperature. 

[0109] Since the "electrolytic phosphate chemical treatment method" of the present invention involves electrolysis 
in an inorganic acid solution, it is preferable to make the accommodations described above in addition to the measures 
of electrodeposition coating. 

[011 0] Moreover, since the present invention is substantially free of metal ions other than metal ions that compose 
a component of film formation such as Na as in the prior art, metal ions that form a complex with phosphate ions in the 
phosphate chemical treatment bath are able to exist in the phosphate chemical treatment bath as a complex. Conse- 
quently, even though metal ions are dissolved in solution, they exist in a stable form in the treatment bath, making it pos- 
sible to inhibit phenomena such as the formation of sludge in the treatment bath and to induce the film precipitation 
reaction only on the surface of the article to be treated. 
55 [0111] This is equivalent to the cyano complex frequently being used in electroplating of the prior art, in that this 
cyano complex does not decompose in the solution, but rather only decomposes on the surface of the cathode where 
the charge is concentrated and precipitates in the form of a metal film. 

[0112] In addition, complexes have been used in the past even in non-electrolytic phosphate chemical treatment 
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baths of the prior art. Namely, metal ions (such as Fe 3+ , Zn 2+ or Mn 2 +) that precipitate as a phosphate compound on a 
metal surface are dissolved in solution by forming a complex with phosphate ions. However, since the phosphate ion 
complex used in non-electrolytic phosphate chemical treatment baths of the prior art contained ions such as Na ions 
resulting in an active (unstable) state, the stability of the complex is low in comparison with a cyano complex and so 
forth used in electrolytic plating. Thus, even in the case of non-electrolytic treatment, the complex is easily dissolved 
and forms a film and sludge, and the treatment does not use the present invention in any way. 

[0113] Furthermore, with respect to complex stability, a cyano complex is stable and, in the case of non-electrolytic 
treatment (non-electrolytic plating), the complex is not dissociated (decomposed). For this reason, a cyano complex is 
only used in electrolytic plating. 

[0114] If the stability of a phosphate ion complex could be increased, that complex would not decompose easily. 
The reason why the stability of phosphate ion complex used in non-electrolytic phosphate chemical treatment baths of 
the prior art is low is because the pH of the bath is adjusted (and Na ions and so forth are added for that purpose) result- 
ing in phosphate ions being dissociated (decomposed by oxidation) easily. In electrolytic phosphate chemical treatment 
baths pH adjustment of the bath is not performed by addition of Na + . For this reason, the stability of the phosphate ion 
complex can be increased. In the case of a treatment bath in which the stability of the phosphate ion complex is large, 
there is no decomposition and a film is not formed in the absence of electrolysis. In addition, during electrolysis, since 
there is no decomposition of the phosphate ion complex in solution as in electroplating and a film is formed as a result 
of the phosphate ion complex decomposing only on the cathode surface where the charge is concentrated, there is 
basically no formation of sludge, and the treatment bath is maintained in a transparent state. 

[01 1 5] If the phosphate ion complex is excessively stable, it is unsuitable for film formation by cathodic electrolysis. 
For this reason it is necessary to maintain the stability of the phosphate ion complex within a suitable range. 
[0116] In order to achieve this in the present invention, it is preferable that the treatment bath composition when 
electrolytic treatment is performed be such that the ratio of the concentration of metal ions that complex with phosphate 
ions (g/l) to the ratio of the concentration of phosphate ions and phosphoric acid (g/l) is 0.1 or more. As a result, the 
25 stability of the complex can be secured. 

[Study of Characteristics of Electrolytic Phosphate Chemical Treatment] 

[0117] In addition to purification methods such as prevention of contamination by impurities and bath filtration as 
30 well as the measures taken regarding the complex, it is also necessary to employ measures for accommodating the 
unique characteristics of an electrolytic phosphate chemical treatment in order to use this electrolytic phosphate chem- 
ical treatment practically 

[01 18] The following provides an explanation of these unique characteristics. 

[0119] In the electrolytic phosphate chemical treatment of the present invention, it is preferable that the above phos- 
35 phate chemical treatment method comprises performing electrolytic treatment using the above article to be treated for 
the anode followed by electrolytic treatment using the article to be treated for the cathode. 

[0120] In this case, it is preferable that a film forming metal (such as Fe, Ni or Zn) be used for the anode, and the 
article to be treated be used for the cathode. 

[0121] Furthermore, there are the two cases indicated below in which a metal material is installed in the electrolysis 
40 tank as an anode. 

(1) A metal for which the electrode material dissolves to become a film forming component 

(2) An insoluble material for which the electrode material does not dissolve or only slightly dissolves 

45 [0122] The cathodic electrolytic treatment uses both the above electrode materials or only uses one of the elec- 
trode materials. A summary of their classification is shown in Table 3. 
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Table 3 



Classification of Cathodic Electrolytic Treatment 


Type of anode material 


Cathodic electrolysis 
voltage 


Description 


(1) Metal materials that dis- 
solve and precipitate easily 
and become a film compo- 
nent 


Small 


Metals that form phosphate 
compounds 


Fe, Zn 


Metals for which metal ions 
dissolved in solution are 
reduced and precipitate as 
metal elements that dis- 
solve easily and can be pre- 
cipitated 


Cu 


(2) Materials that are only 
slightly soluble or insoluble 


Large 


Materials having a high dis- 
solution voltage that do not 
form phosphates. 


Ni and other insoluble 
materials 



[0123] In the case of (1) in which a metal that dissolves and becomes a film component is used for the anode, the 
anode material dissolves electrochemically by the action of an external power supply and after being present in an ionic 
state dissolved in solution, precipitates (solidifies) on the cathode to form a film. 
25 [0124] In the case of (2) in which an insoluble material that does not dissolve or only slightly dissolves is used for 
the anode, cations dissolved in solution are acted on by an external power supply and precipitate on the cathode. These 
cases are used according to the properties of the phosphate chemical film to be formed. 

[0125] As described in Table 3, "metals that form phosphate compounds (such as Fe and Zn)" dissolve and precip- 
itate relatively easily (at low voltages) even under conditions of phosphate chemical treatment baths of the prior art as 

30 has been demonstrated in the non-electrolytic treatment. However, metals that become "solids for which metal ions dis- 
solved in a phosphate chemical treatment bath are reduced and precipitate as metal elements" include metals that eas- 
ily dissolve and precipitate under conditions of non-electrolytic phosphate chemical treatment baths of the prior art (for 
example, Cu), as well as metals that require a large voltage and current to dissolve and precipitate (for example, Ni). 
[0126] If a metal requiring a large voltage and current to dissolve and precipitate (for example, Ni) is precipitated by 

35 supplying it to a treatment bath only by dissolving it from an electrode serving as the anode, a large voltage and current 
is required. This electrolytic treatment results in a relatively large voltage and current being applied to the entire treat- 
ment bath. However, this type of electrolytic treatment (requiring a large voltage and current) cannot be said to be suit- 
able for electrolysis of metals (Fe and Zn) that can be electrolyzed by applying a low voltage and form phosphate 
compounds. 

40 [0127] The inventor of the present invention recognized that there is basically two systems for 'cathodic electrolytic 
treatment" as characteristics of electrolytic phosphate chemical treatment. The inventor of the present invention also 
thought that these two cathodic electrolytic treatment systems should be used appropriately by recognizing the differ- 
ences between these two systems according to the required properties of the film. Namely, the composition of the treat- 
ment bath and the metal material used for the anode are determined according to the required film, and electrolytic 

45 treatment (voltage and current) is used appropriately corresponding to that treatment bath and electrode material. 

[0128] Recognition of the fact that cathodic electrolytic treatment can be basically divided into two systems sug- 
gests that it is necessary to accommodate two different systems for practical application of electrolytic phosphate 
chemical treatment. Namely, different accommodations are required in the case of using "a metal material that dis- 
solves and precipitates easily and becomes a film component" and "a material that is only slightly soluble or insoluble". 

50 [0129] In the case of using "metal materials that dissolve and precipitate easily and become film components (such 
as Fe, Zn or Cu)" of Table 3 for the anode, those metals dissolve easily in the phosphate chemical treatment bath even 
if voltage is not applied (even in the absence of electrolysis). If this phenomenon (action) is left undisturbed, these metal 
ions dissolve in the treatment bath even when treatment is not performed. As a result, the state of the treatment bath 
ends up changing to a state that does not allow treatment to be performed. Consequently, there is a need to provide a 

55 means for inhibiting that dissolution. This is the first accommodation to be made. 

[0130] It is preferable to take the following measures as specific examples of measures to be taken as means for 
inhibiting dissolution: 
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(1) controlling the surface area of the metal electrode (anode) during electrolytic treatment, 

(2) controlling the electrolysis current of the metal electrode (anode) during electrolytic treatment, and 

(3) performing weak electrolysis (dormant electrolysis) to a degree that the metal used for the cathode does not dis- 
solve (to a degree that the solution components do not decompose) while using an insoluble electrode for the 
anode and a metal electrode that dissolves easily (Fe, Zn, Cu) for the cathode, when electrolysis is dormant, with 
this electrolysis to be referred to as "dormant electrolysis". 

[0131] The second accommodation is made with respect to the case of using "a material that is only slightly soluble 
or insoluble". 

[0132] For example, although required as a film component, in the case of a metal (such as Ni) for which sufficient 
dissolution cannot obtained even if electrolyzed using a metal for the anode, it is impossible to obtain all of the metal 
ions required for the film components by dissolving from the electrode. In this case, the supply of metal ions to the treat- 
ment bath is preferably performed by adding dissolved metal ions to the treatment bath. Cathodic electrolytic treatment 
is targeted only at the electrolytic reaction (reduction and precipitation) at the cathode. If this is done, the electrolysis 
voltage for incorporating, for example, Ni into the film components can be reduced in comparison with the case of 
assuming film formation by dissolving Ni from the anode. This type of contrivance is preferable for practical application 
of electrolytic phosphate chemical treatment. 

[Reactions Composing Electrolytic Phosphate Chemical Treatment] 

[0133] The present invention forms a novel electrochemical phosphate chemical treatment reaction as a result of 
providing an environment for carrying out electrolytic phosphate chemical treatment reactions. The following provides 
an explanation of a summary of this. 

[General Perception of Electrochemical Reactions] 

[0134] The electrolytic phosphate chemical treatment reaction of the present is basically free of sludge. 
[0135] Electrochemical reaction systems are composed of an anodic reaction and cathodic reaction. The anodic 
reaction is an oxidation reaction that takes place at the anode. In addition, the cathodic reaction is a reduction reaction 
that takes place at the cathode. In an electrochemical reaction system, the electrode potential is defined so that the 
potential of the cathodic reaction is higher than that of the anodic reaction. 

[0136] In addition, if the anode undergoes an anodic reaction, then the corresponding solvent and anion are 
believed to undergo a cathodic reaction. If a cation undergoes a cathodic reaction, then the corresponding solvent and 
anion are believed to undergo an anodic reaction. 

[0137] A summary of the electrochemical reaction system formed in electrolytic treatment is shown in Fig. 2. 
[0138] As shown in Fig. 2, the electrochemical reaction system is divided into (1) "reaction system between elec- 
trodes separated in a solution" and (2) "reaction system on the surfaces of identical electrodes not separated in a solu- 
tion". 

[0139] The "reaction system between electrodes separated in a solution" of (1) forms an anode-cathode reaction 
system between the separated electrodes. A breakdown of this reaction system is given below. 

(1)-1 Electrochemical reaction system involving cations between electrodes (anodic reaction at the anode and 
cathodic reaction at the cathode) 

(1) -2 Electrochemical reaction system involving anion and solvent between electrodes (cathodic reaction at the 
anode and anodic reaction at the cathode) 

[0140] The "reaction system on the surface of identical electrodes not separated in a solution" of (2) forms an 
anode-cathode reaction system among cations, and anions and solvent on the surfaces of identical electrodes. A 
breakdown of this reaction system is indicated below. 

(2) -1 Anodic reaction of cations, and cathodic reaction of anions and solvent, on the anode surface 
(2)-2 Cathodic reaction of cations, and anodic reaction of anions and solvent, on the cathode surface 

[0141] Electrochemical reaction systems composed of a cathodic reaction and anodic reaction are formed in cases 
in which an electrochemical reaction system is formed regardless of "non-electrolytic treatment" or "electrolytic treat- 
ment". However, electrochemical reaction systems of "non-electrolytic treatment" are composed only of cathodic and 
anodic reactions on the same surface. In Fig. 2, these are the reactions of (2)-1 and (2)-2, and are composed between 
a metal (solid) and solution (liquid). 
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[0142] There are cases in which electrochemical reaction systems are composed only of one pair of cathodic and 
anodic reactions, and cases in which electrochemical reaction systems are composed multiple pairs of cathodic and 
anodic reactions. As shown in Fig. 2, the electrochemical reaction system of phosphate chemical treatment is a com- 
plex system composed of multiple pairs of cathodic and anodic reactions. This complexity makes it difficult to control 
the reaction system. 



w 



[Composition of the Electrochemical Reaction System in Electrolytic Phosphate Chemical Treatment] 

[0143] In the case of the "cathodic electrolytic treatment" of electrolytic phosphate chemical treatment, when Fe, 
Zn, Ni or Cu is used for the film-forming metal electrode (anode), the reactions are organized as shown in Table 4. Fur- 
thermore, in the following example, iron (steel material) is treated with a phosphate chemical treatment bath containing 
zinc ion, nickel ion, phosphate ion and nitrate ion (phosphate chemical treatment bath). 
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Table 4 Classification of Electrolytic Phosphate 
Chemical Treatment Reactions (Cathodic 
Treatment) 



Anodic Reactions 



Cathodic Reactions 



Anode Surface 



1 . Dissolution (oxidation) 
reaction of metal electrode 
(Fe, Zn, Ni, Cu, etc.) 
Fe — Fe 2 * + 2e (-0.44 V) (1) 
Zn -* Zn 2 * + 2e (-0.23 V) (2) 
Ni — Ni 2 * + 2e (-0.23 V) (3) 
Cu — Cu + + e (0.52 V) (4) 
Fe 2 * — Fe 3 * + e (0.77 V) (5) 



1. Reduction reaction of 
nitrate ion system 

(N0 3 ~ — N0 2 ~ ~* NO) 
NO 3 " + 3H* + 2e — HN0 2 + H z O 
(0.94 V) (6) 

N0 3 " + 4H* + 3e -* NO + 2H a O 

(0.96 V (7) 
|N0 3 - + 2H* + 2e -* N0 2 ~ + H 2 0 

(0.84 V) (8) 

2 . Reduction reaction of 
water (solvent) 

0 2 + 4IT + 4e —> 2H 2 0 (1.23 
V) (18) 



Cathode 
Surface 
(Surface of 
Article to be 
Treated) 



Oxidation reaction of 
phosphate ion system 
(H3PO4 — H 2 P0 4 ~ — PO4 3 ') 
H3PO4 -* H* + H 2 P0 4 " (9) 
H 2 P0 4 ~ — 2H* + P0 4 3 * (10) 
2. Crystallization reaction 
in which the charge of 
phosphorylation when metal 
ions bond with phosphate 
ions does not change (Zn, 
Fe, Mn, Ca ion, etc.) 



Reduction reaction of 
metal ions accompanying 
change in charge (reduction 
of Ni, Cu, (Fe, Zn) etc. 



. (0.52 V) (14) 
2e -* Fe (-0.44 V) 



2P0 4 3 



2Zn 2 * + Fe 2 * — 



Zn,Fe(PO.), (11) 



M** (metal ions) + n (PO* 3- ) 
M(PQ,) (12) 



ions) 




Ni 2 * + 


2e 


(13) 




Cu* + 


e — * 


Fe 2 * + 


2e 


(15) 




Zn 2 * + 


2e 


(16) 




Fe 3 * + 


e — « 


(17) 





^2* 



(0.77 V) 



3. Oxidation reaction of 
water (solvent) 
H 2 + 20H' -> 2H 2 0 + 2e (-0.83 
JV) (19) 



Note: Underlined portions 
indicated film components. 
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[0144] As was previously mentioned, the electrochemical interelectrode reaction mediated by an external power 
supply basically consists of two systems. The first is the reaction system between the electrodes consisting of a disso- 
lution reaction of the film forming metal (electrode) at the anode (cathodic reaction), and a precipitation reaction of dis- 
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solved metal ion on the surface of the cathode (article to be treated) (cathodic reaction). The other reaction system is 
an electrochemical reaction system on the surface of the same electrodes. This consists of a dissolution (oxidation) 
reaction of metal at the anode and a reduction reaction of the solution components (nitrate ion and water), and an oxi- 
dation reaction of solution components (phosphate ions and water) and a reduction reaction of metal ions at the cath- 
5 ode. Furthermore, metal (such as Zn, Fe or Mn) ions that forms a phosphate complex accompanying oxidation 
(dehydrogenation) of phosphate ions on the surface of the cathode precipitates on the surface of the cathode as a phos- 
phate. 

[Electrochemical Reactions of the Phosphate Chemical Treatment Reaction - 1 (Non- Electrolytic Treatment Reaction)] 

10 

[0145] Non-electrolytic phosphate chemical treatment reactions are carried out such that the anodic and cathodic 
reactions in the above table are carried out on the same surface without polarization into an anode and a cathode. 
[0146] The reason why non-electrolytic phosphate chemical treatment is primarily targeted only at steel materials 
is because an environment is created so that the electrochemical reaction system is spontaneously formed even in the 

15 absence of electrolysis between the phosphate chemical treatment bath and treatment bath. 

[0147] Furthermore, chlorine ions (CI") are added when the article to be treated is copper (Cu). In addition, fluorine 
ions (F") are added in the case the article to be treated is aluminum (Al). When fluorine ions (F-) are added, it becomes 
easy to dissolve (oxidize) the Al and, inside the treatment bath (even in the absence of electrolysis), an electrochemical 
reaction system is formed relating to phosphate chemical treatment. Consequently, a phosphate chemical film is formed 

20 in the same manner as steel. However, fluorine ions (F) are not incorporated into the film nor are they reduced in the 
manner of nitrate ions 

(NO3 NO), 

25 vaporized (gassified) or removed from the solution. Thus, it is necessary to prepare a fresh treatment bath when fluo- 
rine ions have exceeded the prescribed concentration. 

[0148] Since an electrochemical reaction system is formed on the same surface in the case of a non-electrolytic 
phosphate chemical treatment reaction, dissolution of material (article to be treated) is limited by film formation. For this 
reason, the thickness of the film cannot be increased without destroying the film. In order to obtain a thick film, since 
30 excessive continuation of the reaction causes the reaction to be accompanied by dissolution of the material (article to 
be treated), a rough film results. This is the reason why thick films formed by a non-electrolytic treatment (heated bath), 
and used for cold forging press working lubrication substrate treatment, are rough. 

[0149] In addition, since non-electrolytic phosphate chemical treatment reactions are electrochemical reaction sys- 
tems on the same surface that do not use an external power supply, reduction and precipitation reactions of metal ions 
35 accompanying a change in charge are severely limited. Consequently, even in a treatment bath containing Ni ions, 
reduction and precipitation of Ni is only extremely slight. (Precipitation of Ni is only possible in the initial stage of film 
formation when Fe dissolves.) Therefore, the film that is formed is composed mainly of phosphate. This is the basis for 
referring to conventional non-electrolytic treatment as phosphate chemical treatment. 

40 [Electrochemical Reactions of the Phosphate Chemical Treatment Reaction - 2 (Anodic Electrolytic Treatment)] 

[0150] If a film is formed only in anodic electrolytic treatment in electrolytic phosphate chemical treatment, the reac- 
tion system is basically the same as non -electro lytic treatment. The function of anodic treatment is to promote the "dis- 
solution (oxidation) reaction of the metal electrode" of Table 4. The "dissolution (oxidation) reaction of the metal 
45 electrode" is the first reaction that initiates the phosphate chemical treatment (film formation) reaction system. That 
reaction (dissolution of the article to be treated) is carried out easily and reliably by anodic electrolytic treatment. As a 
result, the phosphate film that is formed has excellent adhesion with the article to be treated (material). However, it is 
not possible to increase the thickness of the film. 

[0151] In the case of forming a film by performing cathodic electrolytic treatment subsequent to anodic electrolytic 
50 treatment, the role of the anode is limited to the dissolution (oxidation) reaction of the metal electrode and the reduction 
reaction of water. In anodic electrolytic treatment, dissolution of the article to be treated is carried out reliably, and the 
film is formed in the following cathodic electrolytic treatment. 

[0152] For this reason, in the case of forming a film by anodic electrolytic treatment only, the composition of the 
treatment bath differs from the case of forming a film by a combination of anodic electrolytic treatment and cathodic 
55 electrolytic treatment. 

[0153] Furthermore, in the case of performing anodic electrolytic treatment only, a material is selected for the cath- 
ode serving as the opposing electrode that does not dissolve in the phosphate chemical treatment bath. For this reason, 
a material such as titanium that does not dissolve in the chemical treatment bath is used for the cathode. 
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[Electrochemical Reactions of the Phosphate Chemical Treatment Reaction - 3 (Cathodic Treatment)] 

[01 54] A method combining anodic treatment and cathodic treatment is employed for electrolytic phosphate chem- 
ical treatment. In this case, the function of anodic treatment is to dissolve the surface of the article to be treated and 

5 ensure adhesion of the film. The cathodic treatment performs formation of the film. 

[0155] Furthermore, anodic treatment can be omitted depending on the particular case. It can be omitted when, in 
the case of not requiring a tight adhesion of the film, and in the case the material tends to dissolve even in the absence 
of electrolysis because the pH of the electrolytic phosphate chemical treatment bath is lower than a conventional non- 
electrolytic treatment bath, the dissolution reaction of the material is carried out even in the absence of electrolysis. 

w [0156] In conventional n on -electro lytic phosphate chemical treatment, the "dissolution reaction of the article to be 
treated" and the "reaction relating to film formation" take place on the same surface. However, in the cathodic electro- 
lytic treatment of the present invention, the "dissolution reaction of the article to be treated" does not take place on the 
surface of the article to be treated serving as the cathode as shown in Table 3. Only the "reaction relating to film forma- 
tion" takes place on the surface of the article to be treated (cathode). 

15 [0157] There are three reaction systems for the electrochemical reaction system involved in cathodic electrolytic 
treatment according to the classification described in Fig. 2. These are as follows: 

i. Oxidation-reduction (dissolution-precipitation) reaction system of metal ions between the electrodes (anode and 
cathode) ((1)-1 in Fig. 2) 

20 ii. Oxidation-reduction reaction system of anions and solvent (water) between the electrodes (anode and cathode) 

((2)-2 in Fig. 2) 

iii. Anodic reaction of anions and solvent (water) and cathodic reaction of metal ion on the surface of the cathode 
((2)-2 and(1)-3 in Fig. 2) 



25 [0158] The following provides explanations of each of these reaction systems. 

i. Oxidation-reduction (dissolution-precipitation) reaction system of metal ions between the electrodes (anode and 
cathode) ((1)-1 in Fig. 2) This interelectrode reaction is formed from a cathodic reaction on the surface of the cath- 
ode (reduction and precipitation of metal ion) and an anodic reaction on the surface of the anode (dissolution of 

so metal). This reaction is an electrolytic reaction that uses an external power supply. Since the surface of the cathode 

is subjected to large electrochemical energy in terms of the cathodic reaction, a precipitation reaction can be car- 
ried out accompanying a change in charge (reduction). The cathodic precipitation reaction is a precipitation reac- 
tion accompanied by a change in charge (reduction) of a metal ion such as nickel, copper, iron or zinc, and causes 
the metal ion to bond to the substrate metal using an action similar to electroplating. Furthermore, although metals 

35 for which phosphates of iron or zinc and so forth form the film precipitate preferentially as phosphate unaccompa- 

nied by a change in charge, the dissolution and precipitation potential accompanying a change in charge is greater 
than or equal to the anodic reaction potential of water (-0.83 V), and allows precipitation as metal by changing the 
charge. 

ii. Oxidation-reduction reaction system of anions and solvent (water) between the electrodes (anode and cathode) 
40 ((1)-2and(2)-3in Fig. 2) 

This interelectrode reaction is formed from an anodic reaction on the surface of the cathode (dissociation and 
oxidation of phosphate ion, and formation of phosphate and oxidation of solvent (water)), and a cathodic reaction 
on the surface of the anode (reduction of nitrate ion and reduction of solvent (water)). As a result of the formation 
of this electrochemical reaction system, the resulting phosphate crystals are securely bound electrochemically to 
45 the surface of the cathode. 

iii. Anodic reaction of anions and solvent (water) and cathodic reaction of metal ion on the surface of the cathode 
((2)-2 in Fig. 2) 

[0159] This reaction system is formed between an oxidation reaction of water (anodic reaction of formula (1 9)), and 
so a cathodic precipitation reaction (formulas (13), (14), (15) and (16)) accompanied by a change in charge (reduction) on 
the surface of the cathode. As a result of the formation of this reaction system, it is possible to directly precipitate a 
metal for which the electrical potential, at which ions dissolved in the phosphate chemical treatment bath are reduced 
and precipitate as metal (dissolution-precipitation equilibrium potential), is roughly equal to or greater than -0.83 V, the 
anodic reaction potential of water (hydrogen standard electrode potential). As was previously stated, in electrochemical 
55 reaction systems, the electrical potential of the cathodic reaction is defined as being higher than that of the anodic reac- 
tion. Thus, as a result of forming this reaction system, it is guaranteed that it is possible to precipitate metal ions having 
a dissolution-precipitation equilibrium potential greater to or equal to that of zinc (dissolution -precipitation equilibrium 
potential (hydrogen standard electrode potential) = -0.77 V). Namely, metals that can be precipitated in are determined. 
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[0160] Metals having a low dissolution-precipitation equilibrium potential such as sodium (dissolution-precipitation 
equilibrium potential (hydrogen standard electrode potential) = -2.7 V) and potassium (dissolution-precipitation equilib- 
rium potential (hydrogen standard electrode potential) = -2.9 V) cannot be precipitated by electrolysis and do not form 
a film. For this reason, these metal ions hinder electrolytic treatment film formation. 

[01 61] Furthermore, Zn, Fe and so forth can theoretically be precipitated by changing their charge as metals. How- 
ever, Zn, Fe and so forth typically exist in the treatment bath by forming a complex with phosphate ions. Precipitation as 
a phosphate is also more favorable in terms of energy For this reason, Zn, Fe and so forth preferentially exist as phos- 
phates in the film. 

[01 62] In the cathodic electrolytic treatment of the present invention, together with making the metal ions other than 
components of the above film about 0-400 ppm, and preferably 0-1 00 ppm or less, since this treatment is substantially 
free of solids having an effect on the film formation reaction, metals that do not form phosphates can be incorporated 
in the compound film, making it possible for the compound film itself to approach the properties of conventional "plat- 
ing". Consequently, the phosphate chemical film that is formed receives a high level of electrochemical energy, enabling 
it to be securely adhered and fixed on the cathode (article to be treated). 

[0163] In the present invention, the oxidation-reduction (dissolution-precipitation) reaction system of metal ions 
between the electrodes (anode-cathode) is formed continuously by connecting an external power supply. For this rea- 
son, Ni and other metals can be reduced and precipitated and then distributed during the entire film formation process. 
In addition, it is also possible to contain only a specific metal or not contain certain metals. Namely, the cathode treat- 
ment film formation reaction can be controlled. 

[Characteristics of Electrolytic Phosphate Chemical Treatment Films] 

[0164] It is particularly noteworthy in the present invention that precipitation of metal accompanying a change in 
charge is possible throughout the entire duration of film formation. This is the same phenomenon as "electroplating". 
[0165] Namely, the electrolytic phosphate film can be said to be a "phosphate-containing compound electroplated 
film". In other words, a film can be formed on the uppermost surface of the phosphate chemical film in which the ratio 
of the atomic number density is such that metal that does not form a phosphate (e.g., Ni) is contained in a greater 
amount than 1/4 the phosphorus (P) that serves as the element that forms the phosphate. (Refer to the results of EDX 
film analysis of Table 10 and Example 1, and the results of EDX film analysis of Table 16, Example 4 and Example 5.) 
This film is a film that cannot be realized with conventional non-electrolytic treatment in which a film is formed by utilizing 
the crystallization action of phosphate. 

[0166] (The ratio of atomic number density Ni/P = 1/4 corresponds to the fact that Ni/Zn 3 (P0 4 ) 2 is present in a ratio 
of 1/2.) 

[0167] Furthermore, as a result of not performing cathodic electrolytic treatment of the metal accompanying a 
change in charge, precipitation of metal accompanying a change in charge can be completely eliminated in the same 
manner as non-electrolytic treatment. (Refer to the results of EDX film analysis of Table 12 and Example 2.) 
[0168] Moreover, another characteristic of the electrolytic phosphate chemical treatment film of the present inven- 
tion is that, when the film Is analyzed with X-rays, a film is found to be formed that does not have a peak corresponding 
to phosphate crystals. (Refer to Example 3 in Table 1 6, Fig. 1 6 and Fig. 1 7.) This is also possible because precipitation 
of metal (e.g., Ni) accompanying a change in charge is able to occur throughout the entire duration of film formation. 
Namely, this is thought to be the result of precipitation of phosphate crystals being subordinate to precipitation of metal 
(e.g., Ni) accompanying a change in charge, and the phosphate crystals being finely dispersed in the metal component. 
Although the film of Example 3 contains phosphorus (P) and Zn and is a film that contains phosphate, phosphate crys- 
tals are dispersed with Ni metal. This is shown in the EPMA elementary analysis photographs (Table 17, Figs. 20-29) 
taken in the cross-sectional direction of the film. This film can be referred to as a "phosphate-containing compound elec- 
troplated film". 

[0169] As has been described above, in the present invention, an electrolytic phosphate chemical treatment was 
developed that is suitable for the general principle of electrochemical reactions. 

[0170] Namely, the present invention is able to provide a phosphate chemical treatment method for forming a phos- 
phate chemical film that is able to form a film composed of phosphate and metal from a film consisting primarily of phos- 
phate crystals of the prior art. 

[0171] Moreover, a compound film obtained with the present invention is able to contain a metal material that is not 
a phosphate. 

[0172] Thus, this novel phosphate chemical treatment allows the obtaining of compound films that can be adapted 
to numerous metal materials in the same manner by which electroplating is adapted regardless of the type of metal. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[Configuration of Electrolytic Phosphate Chemical Treatment) 

5 [0173] Electrolytic phosphate chemical treatment is composed of (1 ) an apparatus, (2) treatment bath composition, 
(3) treatment bath electrochemical conditions, and (4) an electrolysis method. 

[01 74] To begin with, an explanation is provided of the apparatus used for the present electrolytic phosphate chem- 
ical.treatment method using Fig. 3. 

[0175] Fig. 3 shows the composition during cathodic electrolytic treatment. 

io [0176] Here, 1 is the phosphate chemical treatment bath of the present invention, 2 is the article to be treated, 3 
and 4 are working electrodes, with 3 being a working electrode comprised of a metal material that forms a complex with 
phosphate in the phosphate chemical treatment bath with the phosphate chemical treatment bath, and 4 being a work- 
ing electrode comprised of a metal material for which the electrical potential at which ions dissolved in the phosphate 
chemical treatment bath are reduced and precipitate as metal is equal to or greater than the anodic electrolytic reaction 

15 potential of water as the solvent or greater than or equal to -0.83 V (indicated as the hydrogen standard electrode poten- 
tial). 

[0177] In addition, 5 is a power supply that applies a voltage between the article to be treated 2 and working elec- 
trodes 3 and 4, 6 is a filtration/circulation pump for removing a portion of phosphate chemical treatment bath 1 from 
inside the bath tank containing phosphate chemical treatment bath 1 and thermodynamically stabilizing the energy 
20 state as liquid of phosphate chemical treatment bath 1, and 7 is a filter that removes solids that have precipitated in 
phosphate chemical treatment bath 1 during the course of the film formation reaction. 

[0178] 8 is a dormant electrolytic anode comprised of an inert material with respect to the phosphate chemical 
treatment bath used when the article to be treated does not make contact with the phosphate chemical treatment bath, 
9 is a replenishing chemical having a higher concentration than the concentration of components of phosphate chemi- 

25 cal treatment bath 1 , and 10 is a chemical replenishment pump for adding replenishing chemical to the treatment bath. 
[0179] 1 1 is a control computer for controlling the amount of replenishing chemical added, the applied voltage and 
so forth based on information from sensor 12 that measures the pH, the ORP and other parameters of the treatment 
bath. ' 
[0180] The following provides an explanation of the present invention based on Fig. 3. 

30 [0181] In the present invention, the article to be treated (article to be treated) is connected to the cathode by means 
of a direct current power supply, and the electrode composed of metal that forms a phosphate film or a conducting 
material that is insoluble in the bath (to be referred to as a working electrode) is connected to the anode. Furthermore, 
during anodic electrolytic treatment, the article to be treated is connected to the anode and the conducting material 
insoluble in the bath is connected to the cathode. 

35 [0182] There is only one of working electrode (counter electrode) in the case of anodic electrolytic treatment. 

[0183] Although there are cases in which there is only one of working electrode in the case of cathodic electrolytic 
treatment, multiple types (materials) may also be used as electrodes. In addition, it is preferable to install a direct cur- 
rent power supply used for electrolysis for each working electrode. This is to prevent occurrence of the phenomenon in 
which a large amount of current flows to the electrode arranged in a location where current flows easily while current 

40 does not flow to the electrode arranged in a location where current does not easily in the case of connecting a plurality 
of the same type of electrodes to a single direct current power supply. 

[0184] The dormant electrolytic electrode is installed in the electrolysis tank. The dormant electrolysis electrode 
(anode) uses a conducting material that is insoluble in the bath. The role of this electrode is to prevent dissolution of the 
working electrodes when an article to be treated (article to be treated) is not being treated (when electrolysis is dor- 

45 mant). When electrolysis is dormant, this insoluble conducting material is used as the anode, and the working elec- 
trodes are used as cathodes, and they are connected to a direct current power supply. When this is done, only 
extremely slight electrolysis takes place to an extent that does not cause the working electrodes to dissolve. This elec- 
trolysis is referred to as dormant electrolysis. As a result of this dormant electrolysis, decomposition of the treatment 
bath is prevented by preventing the working electrodes from dissolving in the bath when electrolysis is dormant. 

so [0185] The circulation pump is used for filtering and circulating the treatment bath. In addition, a filter is used to 
remove any sludge that is formed. When electrolytic treatment is completed and current to the article to be treated is 
stopped, a phenomenon occurs in which charge that has accumulated on the article to be treated is released into the 
treatment bath. At this time, a portion of the film is released into the bath. Sludge forms when this accumulates. If these 
phenomena are allowed to continue, sludge is formed continuously, nitration and circulation of the treatment bath inhib- 

55 its these phenomena. 

[0186] A pH electrode, ORP electrode, EC (electrical conductivity) electrode, thermometer electrode and so forth 
are installed in the sensor electrode tank. These electrodes cannot be installed in the treatment tank since electrolysis 
current flows in this tank. They must therefore be installed separately. 
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[0187] The replenishing chemical tank and chemical replenishment pump are installed for adding chemicals. It is 
preferable that chemicals be added to the portion (of the tank) following separation from the electrolysis tank in the fil- 
tration and circulation path of the treatment bath. This is because, since slight hydrolysis is taking place in the electrol- 
ysis tank at all times, even when dormant, making the electrolysis tank extremely eiectrochemically active, if active 
chemical is added to that active tank at a concentration greater than the treatment bath, the chemical component ions 
react before dissolving in the bath resulting in greater susceptibility to the formation of sludge. 
[0188] The control computer is installed for suitably performing electrolytic treatment (reaction). 
[0189] The following provides a description of the degree of dissociation of phosphoric acid. The electrolytic phos- 
phate chemical treatment bath of the present invention has a pH of 0.5-5.0. The main factor that causes a change in 
the phosphate chemical treatment bath is dissociation of phosphoric acid (H 3 P0 4 ), one of the components of the treat- 
ment bath (phosphate chemical treatment bath). Namely, phosphoric acid (H 3 P0 4 ) dissolves and the acid dissociation 
coefficient (pKa) of phosphoric acid becomes larger. The acid dissociation coefficient (pKa) is the logarithmic value of 
the inverse of the dissociation constant, and the larger that value, the lower the degree of dissociation of the acid. 
Namely, it indicates that the strength of the acid is low. 

[0190] Although the degree of dissociation of pure phosphoric acid (H 3 P0 4 ) is such that pKa = 2.15, the degree of 
dissociation of H 2 P0 4 ', in which H + has dissociated from H 3 P0 4 , is such that pKa = 7.2. This indicates that H 2 P0 4 " is 
a weaker acid than H 3 P0 4 . 

[0191] Although the treatment bath contains phosphate ions, the state of the ions changes (becomes reduced), as 
indicated below, due to electrolysis: 

H 3 P0 4 -> H 2 P0 4 " -> HP0 4 2 - -> Pol- 
and finally, becomes phosphate (e.g., Zn 2 Fe(P0 4 ) 3 ), which in turn becomes the film. 

[0192] For this reason, H 3 P0 4 in the treatment bath constantly dissociate to H 2 PCV. This Indicates that, whether 
the state of phosphoric acid in the treatment bath is primarily in the form of H 3 P0 4 or primarily in the form of H 2 P0 4 , 
this results in a considerable difference in the degree of acid activity of the treatment bath. 

[0193] In the case phosphoric acid is primarily in the state of H 3 P0 4 , the degree of acid activity of the treatment 
bath is relatively large, and stabilizes in the direction of consuming acid (H + ) in the treatment bath (direction in which 
phosphoric acid dissociates). Namely, although a solution primarily containing H 3 P0 4 consumes acid (H + ), the target 
of that consumption is the consumption of acid (H + ) by dissolving Fe electrode immersed in the treatment bath. This 
action results in the decomposition of the treatment bath and the formation of sludge. 

[0194] This being the case, a treatment bath consisting primarily of H 3 P0 4 contains a large amount of acid (H + ), 
and, due to the large ratio at which acid (H + ) is contained, the ratio of metal ion that dissolves in the treatment bath 
becomes correspondingly small. As a result, the ratio of "metal (Zn, Fe, Mn, etc.) component ion that becomes phos- 
phate and enters the film/(phosphate ion and phosphoric acid) 1 ' becomes relatively small. 

[0195] On the other hand, if the treatment bath is composed primarily of H 2 P0 4 , it contains a large amount of metal 
ions instead of acid (H + ), and the ratio of metal ion that dissolves in the treatment bath becomes larger. As a result, the 
ratio of "metal (Zn, Fe, Mn, etc.) component ion that becomes phosphate and enters the film/(phosphate ion and phos- 
phoric acid)" becomes relatively large. 

[0196] This indicates that the degree of dissociation of phosphoric acid in the treatment bath can control the ratio 
of "metal (Zn, Fe, Mn, etc.) component ion that becomes phosphate and enters the film/(phosphate ion and phosphoric 
acid)". Namely, the treatment bath can be stabilized during electrolysis by controlling the "metal (Zn, Fe, Mn, etc.) com- 
ponent ion that becomes phosphate and enters the film/(phosphate ion and phosphoric acid)". The reason for focusing 
on the metal (Zn, Fe, Mn, etc.) component ions that become phosphate and enter the film is because those metal ions 
form a complex with phosphate ion (H 2 P0 4 ") in solution that results in stabilization of phosphate ion (H 2 P0 4 "). For this 
reason, even if metal (Ni, Cu, etc.) ions that do become a phosphate are dissolved, since they do not become a complex 
of phosphate ions (H 2 P0 4 ), they do not contribute to stabilization of the treatment bath. 

[0197] Furthermore, the ratio of "metal (Zn, Fe, Mn, etc.) component ions that becomes phosphate and enter the 
film/(phosphate ion and phosphoric acid)" can be indicated as the ion concentration (g/l) ratio. 

[0198] In consideration of practical application, stabilization of the treatment bath is extremely important when con- 
sidering its flow during volume production. 

[0199] In the case of an electrolytic phosphate chemical treatment bath containing phosphate ions, nitrate ions, 
metal (Zn, Fe, Mn, etc.) component ions that become a phosphate and enter the film, and metal (Ni, Cu, etc.) ions that 
do not become a phosphate, the ratio of the "concentration of metal (Zn, Fe, Mn, etc.) component ions that becomes 
phosphate and enters the film (g/l )/(co nee nt ration of phosphate ions and phosphoric acid (g/l)) M is suitably within the 
range of 1/10 (= 0.1) or more, and preferably within the range of 1/4 (= 0.25) to 3. 

[0200] If the above ratio is 0.1 or less, the ratio of pure phosphoric acid (H 3 P0 4 ) of the treatment bath increases 
resulting reduced stability of the treatment bath. (Although the concentration of Zn ions is 0.4 g/l and that of phosphate 
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ions is 7.6 g/l in Example 1 , since the surface area of the Fe electrode is 380 cm 2 /electrode and the amount of electrol- 
ysis is 51 A/8 electrodes, the amount of electrolysis of Fe is large in comparison with the other examples. For this rea- 
son, the ratio of the "concentration of metal (Zn, Fe, Mn, etc.) component ions that becomes phosphate and enters the 
film (g/l)/(concentration of phosphate ions and phosphoric acid (g/l))" is assumed to be 0.1 or more.) 

5 [0201] In addition, the upper limit of the above ratio is determined by the "solubility in the treatment bath of metal 
(Zn, Fe, Mn, etc.) component ions that become phosphate and enters the film" and from a practical viewpoint. 
[0202] In the present invention, the above metal ions that become a phosphate and enter the film dissolve nitrate 
and form a solution (treatment bath). Zinc nitrate and manganese nitrate are compounds that have a large solubility. 
Electrolysis can be performed by adding phosphate at about 1-10 g/l to zinc nitrate solution or zinc nitrate + nickel 

70 nitrate solution. In this case, the main factor that causes clouding of the treatment bath and inhibits film formation is the 
solubility of the solution. In the case of electrolytic phosphate chemical treatment, although treatment is premised on 
Zn, Ni and so forth dissolving, in the case of dissolving as zinc nitrate, it is possible to dissolve 100 g/l of zinc. Thus, if 
limited by solubility, the upper limit of the "concentration of metal (Zn, Fe, Mn, etc.) component ions that become phos- 
phate and enters the film (g/l)/(concentration of phosphate ions and phosphoric acid (g/l)) M is about 10-100. 

is [0203] Another factor that determines the upper limit is the "practical viewpoint". This is based on the fact that 
chemical concentrations are typically required to be low. Judging from this viewpoint, an upper limit of the "concentra- 
tion of metal (Zn, Fe, Mn, etc.) component ions that become phosphate and enter the film (g/l)/(concentration of phos- 
phate ions and phosphoric acid (g/l))" of about 4 is considered to be reasonable. (However, since Fe ions cannot exist 
in solution as ferrous ion (Fe 2+ ) but only as ferric ion (Fe 3+ ), and ferric ions have strong coagulating properties that 

20 result in the formation of sludge when added to the treatment bath, they cannot be used in the replenishing liquid.) 

[Treatment Bath Composition] 

[0204] The electrolytic phosphate chemical treatment bath is basically classified into the components indicated 
25 below. 

[0205] Namely, the treatment bath has anions in the form of (1) nitrate ion (oxoacid (oxyacid) ion containing nitro- 
gen, provided that the nitrate ion is not obtained by dissolving nickel nitrate or zinc nitrate, and is not supplied from nitric 
acid (HN0 3 )) and (2) phosphate ions. In addition, the treatment bath has cations in the form of (1) metal ions such as 
zinc, manganese, calcium and iron that crystallizes as phosphate in the film and which forms a complex with phosphate 
30 ions in the phosphate chemical treatment bath, and (2) metal ions such as nickel and copper that precipitate (form a 
film) due to a change in charge (reduction) of the metal ions, and for which the precipitation equilibrium potential as dis- 
solved metal is greater than or equal to -0.83 V (hydrogen standard electrode potential), which is the anodic electrolysis 
potential of water. 

[0206] This classification of the treatment bath composition is characterized by being classified into four compo- 
35 nents corresponding the role of the treatment bath components in the film formation reaction. This type of viewpoint 
(recognition) is not found in conventional phosphate chemical treatment. 

[0207] Furthermore, components other than those indicated above can also be added as necessary. Examples of 
such components include fluorine ions in the case of targeting aluminum materials, and chlorine ions in the case of tar- 
geting copper materials. 

AO [0208] In the case of non-electrolytic treatment, the only metal ions that are precipitated (formed a film) due to a 
change in charge (reduction) of the metal ions were nickel ions in the case of treating steel. Moreover, since nickel pre- 
cipitates only at the iron interface, it cannot be present on the uppermost surface of the film. This indicates that precip- 
itation accompanying a change in the charge of nickel takes place only corresponding to dissolution of iron. Since there 
is no dissolution of iron at locations other than the steel interface, nickel does not precipitate at those locations. This 

45 indicates the characteristic of non-electrolytic treatment films of the prior art. Namely, films obtained by non-electrolytic 
treatment are films that consist primarily of phosphate. 

[0209] However, in the present embodiment, the range of metal ions such as nickel that precipitate (form a film) due 
to a change in charge (reduction) of the metal ions can be expanded in an environment in which they can be reduced 
using an external power supply in an electrolyte solution. In principle, metal ions having a dissolution-precipitation equi- 
50 librium potential (cathodic precipitation reaction potential) that is equal to or greater than the anodic electrolysis reaction 
potential of water on the surface of the cathode (-0.83 V) in electrolytic treatment are able to precipitate. Examples of 
such metals include copper, nickel, iron, zinc, tin, lead and chromium. 

[021 0] In addition, there are also cases in which it is desirable that the treatment bath only contains a trace amount 
(0.1 g/l or less) or is completely free of metal ions that precipitate (form a film) due to a change in charge (reduction) of 
55 the metal ion. This is true in cases in which the metal ion decreases the adhesion of the film to the material. It is desir- 
able that films used in cold forging working lubrication treatment of steel be formed from uniform zinc phosphate crys- 
tals for which adhesion with the material is decreased. This is because a high degree of adhesion leads to poor 
lubricating properties. In order to form this type of film, it is necessary that the bath be free of metal ions such as nickel 
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that precipitates due to change in charge (reduction). 

[0211] Furthermore, the composition of the treatment bath should be made to contain as tew substances not 
involved in film formation as possible. For this reason, with respect to cations (metal ions), contamination by sodium 
ions that are used in degreasers should be restricted. Sodium ions, potassium ions, chlorine ions and sulfate ions 

5 (S0 4 2 *) should also not be contained in any chemical that is added to phosphate chemical treatment. 

[0212] It is desirable that the amount of sodium ions and other unnecessary ions be as low as possible. As an 
actual means for accommodating this, the use of softened water should be avoided in preliminary washing. It is thought 
to be desirable to make the concentration of sodium ion and other unnecessary ions in the treatment bath 400 ppm or 
less, and preferably 100 ppm or less, as a general rule. 

10 [0213] Next, the following defines the preferable composition for each item. 

[0214] The concentration of nitride ions is preferably 6-140 g/l, the concentration of phosphate ions and phosphoric 
acid is preferably 0.5-60 g/l, the concentration of at least one of metal ion such as zinc, manganese, iron or calcium that 
forms a complex with phosphate ions in the phosphate chemical treatment bath is preferably 1-70 g/l, and the concen- 
tration of at least one of metal ion such as nickel, copper, iron, zinc or chromium that is dissolved and reduced in the 

15 phosphate chemical treatment bath and for which the potential of precipitation as metal is greater than or equal to the 
anodic electrolysis reaction potential of the solvent in the form of water or greater than or equal to -0.83 V (indicated as 
the hydrogen standard electrode potential) is preferably 0-40 g/l. 

[Treatment Bath Electrochemical Conditions] 

20 

[0215] Those parameters that define the electrochemical conditions of the treatment bath consist of pH, ORP (oxi- 
dation-reduction potential), EC (electrical conductivity) and temperature. In the case of no n -electro lytic treatment, the 
energy that promotes the electrical chemical reaction was dependent on the chemical energy possessed by the chem- 
ical treatment bath. For this reason, it is necessary to precisely define the electrochemical reaction conditions that 
25 define the status of the electrochemical reaction. In the case of electrolytic treatment, however, the energy that pro- 
motes the electrochemical reaction is dependent on an external power supply. Namely, the degree to which electro- 
chemical conditions promote the reaction is small in comparison with n on -electrolytic treatment. For this reason, it is not 
necessary to precisely define the electrochemical conditions of the treatment bath. 

[0216] This corresponds to aggressive management of electrochemical conditions not being performed in practical 
30 electrolytic treatment such as "electroplating". 

[0217] The following indicates the preferable ranges of each parameter. 

[021 8] To begin with, the preferable pH range is 0.5-5. The reason for the wide range for pH is to accommodate the 
composition of the treatment bath. As a general rule, the treatment bath of the present embodiment is an electrolyte 
treatment bath that does not contain substances that are not involved in film formation. For this reason, at a pH of 4 and 

35 above, the treatment bath is able to exist without formation of sludge. 

[0219] The ORP (oxidation-reduction potential) of the treatment bath reflects the composition of the treatment bath. 
Table 3 shows the reaction formulas of reactions that are involved in electrolytic phosphate chemical treatment. The 
reaction that has the highest reaction potential is the cathodic decomposition reaction of water (1 .23 V). In addition, the 
reaction that exhibits the lowest reaction potential is similarly the anodic electrolysis reaction of water (-0.83 V). For this 

40 reason, the ORP of the treatment bath of the present invention is preferably between -0.83 V and 1 .23 V in principle. 
[0220] Moreover, it is preferably within the range of 0-1 V (hydrogen standard electrode potential). 
[0221] EC (electrical conductivity) also reflects the composition of the treatment bath. In addition, the method for 
measuring conductivity is not strictly standardized. EC is preferably within the range of 4-60 mS as determined by typ- 
ical measurement methods. 

45 [0222] A treatment bath temperature within the range of 1 0-90°C is preferable when considering film formation only. 
This is because the treatment bath is stable with respect to heat since it does not contain ions not involved in film for- 
mation, and the use of an external power supply for promoting the reaction enables energy to be supplied even at low 
temperatures. 

[0223] The practical temperature differs according to the composition of the treatment bath. 

50 

[Electrolysis System (Control of the Cathodic Electrolytic Phosphate Chemical Treatment Reaction)] 

[0224] Actual control of the cathodic electrolytic treatment reaction is performed by combining the three constituent 
features of the working electrode (anode) material, treatment bath composition, electrolysis method and conditions 
55 according to the properties of the film formed. 

[0225] The following provides an explanation of each constituent feature. 

[0226] A metal material that forms a film is selected for the working electrode (anode) material. Typical examples 
of such metals include iron, zinc, nickel and copper. In addition to these metals, manganese-containing alloys, calcium- 



22 



EP 1 074 640 A1 



75 



20 



40 



45 



50 



containing alloys and magnesium alloys, which form phosphate compounds, can also be used. In addition, metal mate- 
rials, such as tin and lead, that have a standard electrode potential greater than or equal to - 0.83 V may also be used. 
These metals can be used as the anode either alone or as a combination of a plurality of materials. 
[0227] The composition of the treatment bath (anions and cations) has been previously described In the present 
embodiment, however, although the treatment bath does not contain anions other than nitrate ions and phosphate ions 
as a general rule, depending on the type of treated material, there are cases in which other ions can be contained For 
example, in the case of forming a phosphate chemical treatment film on copper, the addition of chlorine ions can also 
be considered. Although active during anodic treatment, chlorine ions undergo the following anodic reaction relative to 
copper. 



w 



Cu + CI - -> CuCI + e (0.137 V) 



(20) 



[0228] Since CuCI is incorporated in the film, chlorine ions do not remain in the treatment bath and increase if suit- 
ably added. 

[0229] In addition, in the case of performing film treatment on an aluminum material, a small amount of fluorine ions 
can be added for the purpose of promoting the dissolution reaction of aluminum. In this case, although the fluorine ions 
do not become a film component, they are effective for promoting the dissolution reaction of the aluminum material For 
this reason s addition of a small amount of fluorine ions is allowed to the extent of supplying the portion taken out from 
the treatment bath. 

[0230] The electrolysis method and conditions refers to what voltage and current is applied between the selected 
working electrode (anode) and article to be treated (cathode). The electrolysis method and conditions vary according 
to the type of working electrode selected and the type of film formed. There are generally two types of working elec- 
trodes used, namely "a metal (zinc, iron, etc.) that crystallizes as phosphate" and "a metal (nickel, copper etc ) that pre- 
cipitates following reduction of metal ions". 
25 [0231 ] In order to ensure adhesion with the metal, it is preferable to first perform electrolysis using "a metal (nickel 
copper, etc.) that precipitates following reduction of metal ions" for the working electrode, and then perform electrolysis 
using "a metal (zinc, iron, etc.) that crystallizes as phosphate" for the working electrode alone or use a combination of 
two types of electrolyses. 

[0232] In order not to ensure adhesion of a film with the metal, it is preferable to only perform electrolysis using "a 
30 metal (zinc, iron, etc.) that crystallizes as phosphate" for the working electrode. 

[0233] The normal range of the electrolysis voltage is 1-50 V, and that of the electrolysis current is 0.01-10 A/dm 2 . 
In addition, there are no particular provisions for electrolysis time. 

[0234] Various types of films can be formed by making adjustments in the cathodic electrolytic treatment. For exam- 
ple, it is possible to form a film containing a large amount of zinc by using a bath containing a large amount of zinc and 
35 using a zinc electrode. Such films are applied for cold forging working substrates. 

[0235] in addition, a film can be formed containing a large amount of nickel on the surface of a steel material by 
performing electrolysis using a bath containing a large amount of nickel ions and using first a nickel electrode and then 
performing electrolysis using a nickel electrode and an iron electrode, respectively. Films containing large amounts of 
nickel have excellent adhesion with iron base materials (substrates) and are therefore suited for coating substrates 



[Differences regarding Electrolytic Treatment of the Prior Art] 



[0236] Differences regarding the electrolytic phosphate chemical treatment method of the prior art are shown in 
Table 5 to further clarify the characteristics of the present embodiment. 

[0237] The basic difference is the composition of the treatment bath. In contrast to the treatment bath of the present 
embodiment being "a bath that is free of impurities and suitable for reacting components in solution in an electrolytic 
reaction", the electrolytic treatment bath of the prior art is "a bath containing impurities that inherits the contents of non- 
electrolytic treatment baths", thereby making them considerably different with respect to this point. 
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Table 5 



Differences in Electrolytic Treatment Reactions (Between the Prior Art and the Present Invention) 




Prior Art 


Present Example 


Treatment Bath Composition 


(1) Phosphate ions, nitrate ions 

(2) Film forming metal ions 

(3) Cation not involved in film formation 
(Na+, etc.) 

(4) Promoter (nitrite ions, ions having a 
low degree of dissociation) 


(1) Phosphate ions, nitrate ions 

(2) Film forming metal ions 


Electrochemical conditions of treatment 
bath 


pH = 2-4 

ORP = 460-860 mV 
Temperature = 20-40°C 


pH = 0.5-5 

ORP = 200-1000 mV 
Temperature = 10-90°C 


Electrolysis conditions 


Voltage = 0-10 V 
Current = 0.01-4 A/dm 2 


Voltage = 0-50 V 
Current = 0.01-10 A/dm 2 



[Discussion of Electrolytic Phosphate Chemical Films] 

[0238] Next, an explanation is provided of films that can be obtained in the present embodiment. 
[0239] As was previously described, the contents of the electrochemical reaction of the film formation reaction of 
the present embodiment differ from those of the method of prior art. As shown in the classification of cathodic electro- 
lytic treatment reactions (Table 4), the contents of the electrochemical reaction of the present embodiment consist pri- 
marily of an "interelectrode electrolytic reaction". 

[0240] However, prior arts, including Japanese Unexamined Patent Publication No. 5-822481 , do not assume this 
type of "interelectrode electrolytic reaction". The intent of Japanese Unexamined Patent Publication No. 5-822481 is to 
provide an electrolytic reaction for reinforcing the electrochemical reaction in non-electrolytic phosphate chemical treat- 
ment of the prior art. 

[0241] Non-electrolytic treatment baths consist primarily of "an electrolytic reaction between an article to be treated 
(solid) and a treating bath (liquid) on the same metal surface". A summary of the differences (contents) between the 
present invention and non-electrolytic treatment is shown in Table 6. 



Table 6 



Differences Between Electrolytic Reactions 






Non-electrolytic Treatment 


ElectrolyticTreatment (Present 
Invention) 


Reaction contents 


Electrolytic reaction system 


Electrochemical reaction 
between an article to be 
treated (solid) and a treating 
bath (liquid) on the same 
metal surface 


Consists primarily of an elec- 
trochemical reaction between 
electrodes in a treatment bath 


Electrolysis reaction of sol- 
vent (water) 


Absent 


Present 
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Table 6 (continued) 





Differences Between Electrolytic Reactions 


5 






Non-electrolytic Treatment 


Electrolytic Treatment (Present 
Invention) 


10 


Effects on film 


Formation mechanism of 
phosphate crystals 


Phosphate precipitates (oxi- 
dation, anodic reaction) cor- 
responding to reduction 
reaction (cathodic reaction) of 


Precipitation due to interelec- 
trode electrochemical reaction 


15 
20 




Metal precipitation accompa- 
nying change in charge 


None as a general rule. How- 
ever, in the case of film forma- 
tion on iron, slight reduction 
and precipitation (cathodic 
reaction) of nickel that dis- 
solves accompanying disso- 
lution of iron (anodic reaction) 
is observed at the iron inter- 
face. 


Yes. Precipitation can occur 
throughout the film formation 
period by an interelectrode 
electrochemical reaction. This 
precipitation reaction may also 
not occur. 



[0242] The characteristic of the film of the present invention can be said to be a film resulting primarily from an 
interelectrode electrochemical reaction. Namely, this film is formed by obtaining a large amount of electrochemical 
energy as compared with films obtained from non-electrolytic treatment. 

25 [0243] The following indicates examples of the present invention. The processes of the examples and comparative 
examples are shown in Table 7. 

[0244] The degreasing process consists of immersing for 4-5 minutes in an alkaline degreaser at a prescribed con- 
centration and temperature. The acid washing process consists of immersing for 5-10 minutes in a 10% hydrochloric 
acid solution. Surface conditioning consists of immersing in 0.2% PL-ZT manufactured by Nihon Parkerizing Co., Ltd. 
30 The rinsing process is performed until degreaser and other chemicals are completely removed from the article to be 
treated. Electrodeposition coating is performed, so that a coated film thickness after baking is 20-25 urn, using Power 
Top U-56 manufactured by Nippon Paint Co., Ltd. 



35 Table 7 



(O 


Processes of Examples and Comparative Examples 
indicates processes that were performed, while - indicates processes that were not performed) 


Process 


Degreas- 
ing -» 


Rinsing — > 


Acid wash- 
ing -> 


Rinsing -> 


Surface 
condition- 
ing -» 


Phos- 
phate 
chemical 
treatment 

— » 


Rinsing — > 


Proc- 
esses after 
chemical 
treatment 


Exm. 1 


O 


o 








o 


o 


Pure water 
rinsing — » 
elec- 
trodeposi- 
tion 

coating -» 
pure 

water rins- 
ing -> bak- 
ing 

(190°C, 
25 min.) 


Comp Ex. 
1. 


O 


o 






o 


o 


o 
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Table 7 (continued) 



Processes of Examples and Comparative Examples 



Process 


Degreas- 
ing 


Rinsing — > 


Acid wash- 
ing -> 


Rinsing -> 


Surface 
condition- 
ing -> 


Phos- 
phate 
chemical 
treatment 

— > 


Rinsing — > 


Proc- 
esses after 
chemical 
treatment 


Exm. 2 


o 


(J 








o 


o 


Immer- 
sion in 5% 
sodium 
stearate 
solution 
(85°C, 5 
mm.) — > 
Cold-forg- 
ing press- 
ing 


Comp Ex. 
2 


o 


o 


o 


o 


o 


o 


O 


Exm. 3 


o 


o 








o 


O 


Pure water 
rinsing -> 
elec- 

trodeposi- 
tion 

coating -» 
pure 

water rins- 
ing -> bak- 
ing 

(190°C, 
25 min.) 


Comp Ex. 
3 


o 


o 


- 


- 


- 


o 


O 


Exm. 4 


o 


o 








o 


O 


Pure water 

1 1 1 ion ly f 

elec- 

trodeposi- 
tion 

coating -> 
pure 

water rins- 
ing — > bak- 
ing 

(190°C, 
25 min.) 


Exm. 5 


o 


o 








o 


O 



70 



15 



20 



25 



30 



35 



40 



45 



[0245] Table 8 shows the composition of the phosphate chemical treatment bath and the electrochemical condi- 
tions of the examples and comparative examples. 
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Table 8 



5 




Phosphate Chemical Treatment Bath Composition and Electrochemical Conditions 






Treatment Bath Composition (g/l) 


Treatment Bath 
Chemical Analy- 
sis Values 


Treatment Bath Electrochemical 
Conditions 


10 

15 


- 


phos- 
phate 
ion 


Nitrate 
ion 


Nickel 
ion 


Zinc 
ion 


Sodium 
ion 


Total 
aciuiiy 

(Pt> 


Pro- 
moter 
cone. 

(Pt) 


pH 


ORP 
(mV) 
Ag/ 
AgCI 
elec- 
trode 
poten- 
tial 


EC 
(mS) 


Temp. 
(° C) 




Exm.1 


7.6 


12 


5.5 


0.4 


0 


20 


0 


0.5 


270 


15.3 


27.6 


20 


Comp. 
Ex. 1 


7 


20 


0.5 


3 


6.4 


12 


5 


3.05 


520 




28 




Exm.2 


21.2 


20.2 


0.25 


17.1 


0 


44 


0 


2.17 


399 


21 


32.4 


25 


Comp. 
Ex. 2 


Nihon Parker Ltd. Palbond 3500 Bath, non- 
electrolytic treatment bath (80°C), immersed 
for 15 minutes 


50 


2.5 








80 




Exm.3 


4.3 


17.1 ; 


6 


0.8 


0 


28 


0 


1.2 


275 


20.9 


30.4 




Comp. 
Ex. 3 


7 


19 


4.5 


2.5 


0.6 


21 


0 


2.77 


356 


24.5 


36.4 


30 


Exm.4 


2.8 


10.1 | 


3.8 


0.4 


0 


18 


0 


2.09 


338 


9.1 


28.7 




Exrn.5 


2.9 


11 


3.9 


0.4 


0 


18 


0 


2.18 


318 


8.7 


27.7 



[0246] Table 9 shows the electrolysis treatment conditions of the examples and comparative examples. With the 
35 exception of Comparative Example 2, the phosphate chemical treatment baths were filtered and circulated so that the 
treatment baths did not decompose and there was no clouding due to formation of sludge. The film of Comparative 
Example 2 is of the thick film type used for cold forging lubrication treatment. In order to obtain a thick film by non-elec- 
trolytic treatment, it was necessary to heat the bath, and the bath was maintained at 80°C. 
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Table 9 Electrolytic Treatment Conditions of 
Examples and Comparative Examples 



Exm. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Coop. Ex. 1 



Exm. 2 



Comp . Ex . 2 



Exm. 3 



Comp . Ex . 3 



NO. of 
treatments 
(pieces/ 
lot) 



e 



Volume of 
treatment 
tank 



200 



25 



25 



1000 



200 



25 



Electrolysis Conditions 



Anodic 
treatment 



9.6 V x 28 
A x rising 
for 4 
sec. , 
holding 
for 6 sec. 
(electrode 
surface 
area = 380 
iVpiece) 



Cathodic Treatment 



Ni 

electrode 



Fe 

electrode 



17.7 V x 
51 A x 
rising for 
4 sec. , 
holding 
for 105 
sec. 

(electrode 
surface 
area = 380 
cm 2 /piece) 



Zn 

electrode 



No electrolysis (non -electrolytic treatment: 
3 minutes) 



2.9 V x 
0.01 A X 
rising for 
30 sec. 
(electrode 
surface 
area ■ 20 
^/piece) 



2.9 V x 


5.5 V x 


0.01 A x 


2.5 A x 


rising for 


rising for 


2 min . , 


3 min. , 


dormant 


holding 


for 11 


for 10 


min. 


min. 


(electrode 


(electrode 


surface 


surface 


area » 20 


area = 20 


cmVpiece) 


cm 2 / 




piece) 



No electrolysis (non-electrolytic treatment: 
15 minutes) 



20 V x 20 
A x rising 
for 4 
sec. , 
holding 
for 6 sec. 
(electrode 
surface 
area » 75 
cm 2 /piece) 



2.5 V x 
1.2 A x 
rising for 
10 sec. , 
dormant 
for 2 sec. 
(electrode 
surface 
area = 100 
cm 2 /piece) 



17.7 V x 
51 A x 
rising for 
4 sec. , 
holding 
for 105 



(electrode 
surface 

1 75 
2 /piece) 



3 V x 1.3 
A x rising 
for 10 



holding 
for 10 
sec. x 8 
dormant 
(electrode 
surface 

= 100 
i 2 /piece) 



Above anodic treatment -» cathodic treatment 
is repeated three times 
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w 



Exbi. 4 


8 


200 


18 V x 19 


(1) (18 V 


(1) Dor- 1 








A x rising 


x 31 A x 


mant for 








for 1 


(dormant 


42 sec. 








sec. , 


for 1 sec. 


(2) 11 V x 








noiui ng 


-* rising 


8 A x 








for 6 sec. 


for 2 


rising for 










sec.) x 13 


20 sec. , 










times 


holding 










<2) 9 V x 


for 50 










8 A x 


sec. 










rising for 


(electrode 










15 sec . , 


surface 










holding 


area *= 40 










for 58 


cm 2 /piece) 










sec . 

(electrode 












surface 












area — 90 












cm 2 /piece) 




Exm . 5 


8 


200 . 


18 V x 19 


(1) (18 V 


(1) Dor- 








A x rising 


x 30 A x 


mant for 2 








for 1 


(dormant 


sec . 








sec. , 


for 1 sec. 


(2) 15 V x 








holding 


-* rising 


16 A x 








for 6 sec. 


•for* O 


t" i_ « i ncr "fr*Y~ 










sec . ) x 13 


2 0 sec • t 










times 












(2) 7 V x 


for 50 










0.4 A x 


sec. 










rising for 


(electrode 










15 sec . , 


surface 










holding 


area = 40. 










for 58 


cm 2 /piece) 










sec. 

(electrode 












surface 












area *■ 90 












cm 2 /piece) [ 





ao Example 1 

[0247] The automobile air-conditioner part (clutch, stator housing) shown in the drawing was used as the article to 
be treated. The stator housing of Fig. 4 consists of a plate in the form of flat surface portion 20 (press stamped part) 
and a housing in the form of outer peripheral portion 21 (press formed part) welded and joined in a coating evaluation 

45 test. The housing in the form of the outer peripheral portion is made by deforming a plate in an irregular way by press 
forming. For this reason, the housing outer periphery is a surface that is greatly deformed in the press forming. A lubri- 
cating oil portion is strongly adhered to the greatly deformed surface simultaneously with being greatly deformed during 
press forming. As a result, during surface treatment, phenomena occur such as the lubricating oil portion being adhered 
to the surface due to it being greatly deformed. Consequently, that portion has a tendency to resist (obstruct) the chem- 

50 ical action of the metal surface, causing the performance of surface treatment to decrease. The corrosion resistance of 
the coating decreases in the example of Fig. 4. 

[0248] The article to be treated was subjected to phosphate chemical treatment according to the process of Table 
7 and under the conditions of Tables 8 and 9. Furthermore, the values indicated for ORP in Table 8 are the potentials 
(mV) indicated using an Ag/AgCI electrode for the reference. The values are converted to the hydrogen standard elec- 
55 trode potential when the value indicated using an Ag/AgCI electrode for the reference is taken to be +210 mV. 

[0249] Electrodeposition coating was performed on the article to be treated according to the process starting with 
the chemical treatment of Table 7. Following electrodeposition coating, a coating corrosion resistance evaluation test 
was performed on the article to be treated. The coating corrosion resistance evaluation test was performed by making 
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scratches in the coating extending to the substrate with a knife in the flat surface portion and outer peripheral portion of 
the article to be treated and immersing it, for 240 hours, in a 5% sodium chloride solution at 55°C. After 240 hours of 
immersion had elapsed, the article to be treated was rinsed with water. After drying by allowing to stand for at least 2 
hours, adhesive tape was affixed to the coated surface that was scratched with the knife and then peeled off with con- 
siderable force. The width of the coating film that was peeled off as a result of peeling off the tape was measured and 
used to evaluate coating corrosion resistance. The smaller the peeled width, the better the corrosion resistance. The 
results of evaluation of corrosion resistance were compared with Comparative Example 1 and are shown in Table 10. 

Comparative Example 1 

[0250] The same article to be treated was used as that in Example 1 . With the exception of adding a surface con- 
ditioning step and performing phosphate chemical treatment by non-electrolytic process, the process was the same as 
that of Example 1. Phosphate chemical treatment was performed by non-electrolytic treatment using the method indi- 
cated in Tables 8 and 9. Evaluation of coating corrosion resistance was performed in the same manner as Example 1. 
The results of evaluation of coating corrosion resistance were compared with Example 1 and are shown in Table 10. 

[Results of Evaluation of Coating Corrosion Resistance] 

[0251] The results of evaluation of coating corrosion resistance are shown in Table 10. In a comparison between 
Example 1 and Comparative Example 1, Example 1 clearly has better corrosion resistance. In addition, although the 
flat surface portion demonstrates -better corrosion resistance when comparing the flat surface portion with the outer 
peripheral portion, there is very little difference observed in Example 1 . In Comparative Example 1 , however, there is a 
large difference in corrosion resistance between the flat surface portion and outer peripheral portion. As was previously 
mentioned, this difference is the result of the effect of press forming decreasing the chemical treatment reaction of the 
metal surface in a non-electrolytic treatment. Since Example 1 is an example of electrolytic treatment, a large amount 
of electrochemical energy can be used for the electrolytic reaction. Consequently, there are no effects of press forming 
and a phosphate chemical film is formed resulting in satisfactory corrosion resistance. 



Table 10 



Results of Evaluation of Corrosion Resistance (Maximum Peeled Width) 




Peeled width after salt water immer- 
sion test (mm) 




Flat surface 


Outer periphery 


Example 1 (electrolytic treatment) 


0 


1 or less 


comparative Example 1 (no n -electro lytic treatment) 


5 


Entire surface peeled 



[Analysis of Formed Phosphate Chemical Treatment Film] 

[0252] Analysis was performed to confirm differences in films between electrolytic treatment and non-electrolytic 
treatment. 

[0253] The phosphate chemical films of Example 1 and Comparative Example 1 were analyzed by an energy dis- 
persed X-ray analyzer (EDX) and glow discharge analyzer (GDS). Analyses were performed on the flat surface portion 
and outer peripheral portion. The results are shown in Table 1 1 . 



Table 1 1 



List of Film Analysis Results (Charts) 




Film analysis (EDX) 


Film analysis (GDS) 




Flat surface 


Outer periphery 


Flat surface 


Outer periphery 


Example 1 


Fig. 5 


Fig. 6 


Fig. 9 


Fig. 10 


Comparative Example 1 


Fig. 7 


Fig. 8 


Fig. 11 


Fig. 12 
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[0254] To begin with, the results of EDX were analyzed. EDX yields information relating to the component elements 
of the film. Film analysis was performed under the same conditions in Fig. 5 through Fig. 8. 

[0255] EDX charts were compared between Example 1 (Figs. 5 and 6) and Comparative Example 1 (Figs. 7 and 8) 
at the same portion of the article to be treated. The flat surface portions were compared. In Fig. 5 (electrolytic treat- 

5 ment), although the nickel peak is higher than the zinc peak, in Fig. 7 (non-electrolytic treatment), the zinc peak is 
higher than the nickel peak. This trend is also observed in a comparison of the outer peripheral portions (Figs. 6 and 8). 
[0256] The results of analyzing the atom number density of the films obtained from the results of EDX analysis per- 
formed under the same conditions in Figs. 5 through 8 are shown in Table 12. Although the atom number density 
obtained from the results of EDX analysis include carbon (C) and gold (Au), the discussion is made after omitting car- 

w bon and gold since they are not film components. 

[0257] (Carbon is present as a result of washing the film with an organic solvent before analysis, while gold is used 
during fixation of the test piece in the analyzer.) The ratio of film component elements is determined by calculating the 
atom number density ratio of each element relative to phosphorus (P) that is always contained in the phosphate film. 
[0258] A discussion of the films is provided in the following two sections based on the atom number density ratios 

15 of the metal elements. 

(1) Ratio of metal that does not become a phosphate (Ni)/phosphorus (P) of the phosphate 

(2) Ratio of metal that does not become a phosphate (Ni)/metal that serves as the base material (substrate) and 
becomes a phosphate (Fe) 

20 



Table 12 Results of Film Analysis by Energy 
Dispersed X-ray Analyzer (EDX) 



25 
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Type of 
Element 




Atom 


number density (%) 




Ratio i 
density 


3f atom number 
^ vs. P 


Atom number 
density ratio 






c 




O 


P 


Fe 


Ni 


Zn 


Au 


P 


O 


Fe 


Hi 


Zn 


Ni/ 
Zn 


Hi/ 
Fe 


Zn/ 
Fe 


Era . 1 


Flat 


69. 


4 


15.3 


2.9 


3.3 


6.1 


1.9 


1.2 


1 


5.3 


1.2 


2 . 1 


0. 64 


3.28 


1.81 


0.56 




Por- 
iph . 


65. 


6 


16.7 


3.2 


5.3 


6.1 


1.8 


1.4 


1 


5.3 


1.7 


1.9 


0.56 


3.39 


1.15 


0.34 


Co. 


Flat 


61. 


6 


17.9 


3.8 


10.4 


0.04 


4.7 


1.5 


1 


4.7 


2.7 


0.01 


1.24 


0.008 


0.004 


0.46 


Ex. 1 


Per- 
iph . 


72. 


4 


0.9 


1.6 


13.3 


0.2 


3.2 


1.3 


1 


5.5 


8.2 


0.12 


1.38 


0.09 


0.15 


0.17 


Em. 


2 


76. 


6 


11.7 


3.1 


0.96 




5.5 


2.1 


1 


3.8 


0.3 




1.76 


0 




5.68 


Co. Ex. 2 


70. 


1 


16.5 


3.8 


5.2 




3.3 


1.1 


1 


4.4 


1.4 




0.88 


0 




0. 63 



(1) Ratio of metal that does not become a phosphate (Ni)/phosphorus (P) of the phosphate 

40 

[0259] In looking at the atom number density ratio Ni/R although the density of Ni is larger at 2.1 and 1.9 in both the 
flat surface and outer peripheral portions of Example 1, the density of P is much larger at 0.01 and 0.12 in the flat sur- 
face and outer peripheral portions of Comparative Example 1 , respectively. This indicates that films produced with elec- 
trolytic treatment contain a large amount of metal that does not become phosphate (Ni). On the other hand, in the case 
45 of non-electrolytic treatment, a film consisting primarily of phosphate is formed, and the results of Comparative Example 
1 verify this fact. These results indicate that a film containing a large amount of metal that does not form a phosphate 
(Ni) is suitable for coating surface treatment and improves corrosion resistance. 

[0260] Furthermore, in Comparative Example 1, the flat surface portion contains a larger amount of phosphorus 
than the outer peripheral portion. The reason for this is that it is difficult to form a film on the outer peripheral portion, 
50 and since a phosphate chemical film is not reliably formed, this corresponds to a smaller amount of phosphate, which 
is the main component of the film. 

(2) Ratio of metal that does not become a phosphate (Ni)/metal that serves as the base material (substrate) and 
becomes a phosphate (Fe) 

55 

[0261] Fe is an element which, in addition to serving as the base material (substrate), also forms a film with phos- 
phate crystals. If a film is reliably formed, the Ni/Fe ratio indicates the ratio of Ni to Fe in the film, while if a film is not 
reliably formed, it indicates the ratio of Ni to the base material surface. 
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[0262] Although the Ni/Fe ratio of Example 1 is 1 or more for both the flat surface and outer peripheral portions, the 
Ni/Fe ratio of Comparative Example 1 is 1 or less for both the flat surface and outer peripheral portions. These results 
also indicate that the content of Ni affects coating corrosion resistance. 

[0263] GDS involves analyzing elements that come out of the film following glow discharge of the film, and allows 
the information to be obtained on the component elements of the film, film strength and so forth. For this reason, GDS 
provides information on the (t) distribution status of elements in the film, and (2) bonding strength of the film. The "dis- 
tribution status of elements in the film" can be read directly from the GDS chart. In addition, "film strength" makes it pos- 
sible to compare the amount of time taken to reach the iron base material when analysis is performed under identical 
conditions. Namely, the longer the amount of time taken to reach the iron base material, the stronger the film. 
[0264] Furthermore, the voltage applied in GDS analysis differs depending on the type of element. For this reason, 
analysis results of each film do not yield information on "the existence ratios between elements within the film". How- 
ever, the analyses of Figs. 9 through 12 were performed under identical conditions. Thus, the status of the presence of 
the elements in the film can be compared between each sample (film). 

[0265] GDS was also used to compare Example (Figs. 9 and 10) and Comparative Example (Figs. 1 1 and 12) at 
the same portion of the article to be treated. 

[0266] First, the (1 ) distribution status of elements in the film was compared. 

[0267] For the flat surface portions, the manner in which nickel and so forth are contained in the film can be ana- 
lyzed by looking at the charts of Fig. 9 (electrolytic treatment) and Fig. 1 1 (non-electrolytic treatment). Fig. 9 (electrolytic 
treatment) shows that nickel is distributed throughout in the direction that penetrates the film. On the other hand, Fig. 
1 1 (non-electrolytic treatment) shows that hardly any nickel is contained. In addition, Fig. 9 (electrolytic treatment) 
shows that iron atoms are gradually increasing in the film, suggesting that the iron electrode (anode) used in electrolytic 
treatment is dissolving and forming a film. Since the behavior of iron differs from that of phosphorus (P), a phenomenon 
can be predicted by which iron atoms (metal) are incorporated in the film in the same manner as nickel. Furthermore, 
this phenomenon is similar for the outer peripheral portion as well. 

[0268] Subsequently, a discussion of film bonding strength is provided. Film bonding strength is obtained by com- 
paring the amount of time (A) in GDS analysis until the iron base material is reached after the film is penetrated. Those 
results are shown in Table 13. 



Table 13 



Film Depth in GDS Analysis (Film Strength) 




A: Time of GDS analysis until iron base material 
is reached (sec.) 




Flat surface portion 


Outer peripheral portion 


Example 1 


100 (Fig. 9) 


95 (Fig. 10) 


Comparative Example 1 


25 (Fig. 11) 


30 (Fig. 12) 



[0269] This evaluation indicates that although the chemical treatment time of the article to be treated is nearly the 
same, Example 1 has film strength that is three times that of Comparative Example 1 . 

[0270] The above results support the fact that the phosphate chemical film that includes precipitation of metal (Ni) 
accompanying a change in charge caused by electrolytic treatment, which is a characteristic of the present invention, 
is effective for performing its function, namely providing coating corrosion resistance. 

[0271] In addition, as shown in Table 8, the nitrate ion concentration in the treatment bath of Example 1 is roughly 
1/2 that of the treatment bath of Comparative Example 1 . This is only possible by performing electrolytic treatment in a 
bath that does not contain sodium ion. Since the concentration of nitric acid has been lowered, the present invention is 
an environmentally-friendly technology. 



Example 2 

[0272] A part used in an automobile starter shown in Fig. 1 3 was used for the article to be treated. This part (a pipe- 
shaped part having a diameter of 23 mm and length of 80 mm) is formed by cold-forging press working and forming 
spline-shaped grooves for meshing with gear teeth on the inside of a pipe-shaped form. It is made of an alloy material 
containing about 1% chromium. Phosphate chemical treatment is performed in the form of a cold-forging press lubrica- 
tion substrate. Thus, the object of the phosphate chemical treatment film is to decrease the load during cold forging 
working. Thus, the evaluation of the film is also performed based on the load during cold forging working. 
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[0273] Electrolytic treatment of the article to be treated was performed by electrolytic phosphate chemical treatment 
using the process of Table 7 and under the conditions of Tables 8 and 9. Sodium stearate is reacted with the phosphate 
chemical treatment film in the step following chemical treatment of Table 6 to form a metallic soap film (zinc stearate). 
This is followed by cold-forging press working. 

Comparative Example 2 



10 



[0274] The same part as Example 2 was used for the article to be treated. The process was the same as that of 
Example 2 with the exception of omitting the surface conditioning step by performing acid washing, and using different 
phosphate chemical treatment. Phosphate chemical treatment was performed by non -electrolytic treatment (80°C) 
according to the method shown in Tables 8 and 9. Comparative Example 2 is the treatment processing method of pro- 
duction equipment currently in use. 



75 



25 



[Evaluation of Cold- Forging Press Working Load, etc.] 

[0275] Evaluation of cold-forging press working load and film analysis are summarized in Table 14. 
[0276] The "Cold-forging press working load" of Table 14 is the load to which the press is subjected during cold- 
forging press working. The lower the value of the cold-forging press working load, the better the lubrication perform- 
ance. In addition, analysis of film weight was performed according to the following method. The "water dissolved por- 
tion" indicates the value resulting from measuring the weight of the article to be treated before and after immersing in 
water at 1 00°C for 1 0 minutes, and then dividing the resulting weight by the surface area of the article to be treated. The 
"metallic soap portion" indicates the value resulting from measuring the weight of the article to be treated before and 
after immersing for 20 minutes in isopropyl alcohol (IPA) at 75°C, and dividing the resulting weight by the surface area 
of the article to be treated. The "phosphate film portion" indicates the value resulting from measuring the weight of the 
article to be treated before and after immersing for 20 minutes in 5% chromic acid (Cr0 3 ) at 50-70°C, and dividing the 
resulting weight by the surface area of the article to be treated. 

[0277] In addition, the results of analyzing atom number density (%) by EDX are also shown in Table 14. 
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Table 14 



Evaluation of Cold-Forging Press Working Load and Film Analysis 




Performance 
evaluation (cold- 
forging press 
working load) 


Film analysis 
(EDX charts) 


Film Layer and Weight Analysis (g/m 2 ) 








Water dissolved 
portion 


Metallic soap 
portion 


Phosphate film 
portion 


Example 2 


67 Kg/cm 2 (mean 
value) 


Fig. 14 


10.2 


11.8 


14.4 


Comparative 
Example 2 


82 Kg/cm 2 (mean 
value) 


Fig. 15 1 


2.4 


1.8 


6.7 



45 



50 



55 



[0278] Evaluation of the cold-forging press working load showed that Example 2 is superior to Comparative Exam- 
ple 2. The reason for this can be made clear from the "Results of Film Layer and Weight Analysis" of Table 1 4. Accord- 
ing to the "Results of Film Layer and Weight Analysis" of Table 1 4, the film of Example 2 contains approximately 5 times 
as much metallic soap as the film of Comparative Example 2. Metallic soap contributes greatly to cold-forging press 
working lubrication. Thus, it is clear that the higher the content of this component, the greater the decrease in the cold- 
forging press working load. 

[0279] Since the metallic soap portion is zinc stearate, it is necessary for the film to contain a large amount of zinc. 
The amount of zinc in the film can be determined from the results of EDX analysis. When comparing the charts of Figs. 
14 and 15, in addition to Example 2 (Fig. 14), which is an electrolytic treatment film, containing a smaller amount of iron, 
it can also be confirmed to contain a larger amount of zinc. In addition, this is quantitatively compared and confirmed in 
the results of analysis of EDX atom number density (%) of Table 1 2. If the chemical structure of the phosphate chemical 
film is assumed to be Zn 3 (P0 4 ) 2> then the atom number density ratio of Zn to P (Zn/P) becomes 1 .5. When the atom 
number density ratio of Zn/P is calculated in Table 1 2, it becomes 1 .76 in Example 2, thus indicating an excess amount 
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of zinc relative to Zn 3 (P0 4 ) 2 . In Comparative Example 2, however, the ratio becomes 0.88, thus indicating an amount 
of zinc that is less than the corresponding Zn 3 (P0 4 ) 2 . 

[0280] These findings indicate that electrolytic treatment is able to change the composition of the film. Namely, they 
suggest that an excess amount of zinc relative to the chemical structure of Zn 3 (P0 4 ) 2 becomes a film in the form of zinc 
metal accompanying a change in charge. This is only possible as a result of the electrolytic treatment of the present 
invention. This also contributes greatly to lowering the cold-forging press working load. 

[0281] In addition, the analysis results of Table 12 indicate that the film of Example 2 is a film that is completely free 
of Ni, which is a metal that does form a phosphate. Electrolytic phosphate chemical treatment also makes it possible to 
not contain metals that do not form phosphate in this manner. 

Example 3 and Comparative Example 3 

[0282] Example 3 and Comparative Example 3 serve to confirm the differences in films formed by electrolytic treat- 
ment. 

[0283] The automobile air-conditioner part used in Example 1 and Comparative Example 1 was used for the article 
to be treated in Example 3 and Comparative Example 3, and phosphate chemical treatment and electrodeposition coat- 
ing were performed according to the process of Table 7. Electrolytic phosphate chemical treatment was performed 
under the conditions of Tables 8 and 9. The main difference between Example 3 and Comparative Example 3 lies in the 
phosphate chemical treatment bath. Although the bath of Example 3 does not contain Na ions, the bath of Comparative 
Example 3 contains Na ions. Evaluation of the coating corrosion resistance of Example 3 and Comparative Example 3 
was performed by the same method as in Example 1 and Comparative Example 1 . Those results are shown in Table 1 5 



Table 15 



Results of Evaluation of Coating Corrosion Resistance (Maximum Peeled Width) 




Difference in treatment 
bath 


Peeled width after salt water 
immersion test (mm) 






Flat surface 


Outer periphery 


Example 3 


Free of Na ions 


0 


5 


Comparative Example 3 


Na ions present 


1 


10 



[0284] The results of Table 15 indicate that Example 3 demonstrates better coating corrosion resistance than Com- 
parative Example 3. 

[0285] That difference is considered to be due to the difference in the phosphate chemical films that are formed. 
Table 1 6 shows the results of X-ray diffraction patterns of the phosphate chemical films of Example 3 and Comparative 
Example 3. 



Table 16 



Film X-Ray Diffraction Results 




Flat surface portion 


Outer peripheral portion 


Example 3 


No peak for phosphate crystal (see Fig. 16) 


No peak for phosphate crystal, Ni peak present 
(small) (see Fig. 17) 


Comparative 
Example 3 


Phosphate crystal peak present (see Fig. 18) 


Phosphate crystal peak present (see Fig. 19) 



[0286] Differences relating to the phosphate chemical films of Example 3 and Comparative Example 3 consist of 
the following: 

(1) Presence or absence of phosphate crystal peak 

(2) Presence or absence of Ni peak 
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[0287] The results of Table 1 6 do not indicate that the film of Example 3 does not contain phosphate crystals. It indi- 
cates that the phosphate crystals are extremely minute. It also indicates that as a result of this, compounding of Ni metal 
and phosphate crystals is proceeding. 

[0288] Table 17 summarizes that compounding of Ni metal and phosphate crystals is proceeding for the film of 
5 Example 3. 



Table 1 7 



Micrographs of Elementary Analysis by EPMA (Electro Probe Micro Analysis) in the Direction of the 

Film Cross-Section 




SEM photo (4000X) 


Elementary Analysis Photos 






Phosphorus (P) 


Zinc (Zn) 


Nickel (Ni) 


Iron (Fe) 


Flat surface 


Fig. 20 


Fig. 21 


Fig. 22 


Fig. 23 


Fig. 24 


Outer periphery 


Fig. 25 


Fig. 26 


Fig. 27 


Fig. 28 


Fig. 29 



[0289] The distribution status of each element in cross-sections of the film as observed in the SEM photographs of 
20 Figs. 20 and 25 magnified to 4000X is shown in the analysis photos (Figs. 21 through 24 and Figs. 26 through 29) for 
each element. The results of these photos show that each element is uniformly distributed in the film. The photos also 
visually indicate that although the film contains phosphate, its crystals are microscopic (results of Table 16). 
[0290] In addition, these results correspond, although indirectly, with the GDS analysis results shown in Example 1 
(Table 12 and Figs. 9 and 10). 

25 [0291 ] The results of Table 1 5 show that the film obtained from the bath not containing Na ion of Example 3 in which 
phosphate crystals are minutely dispersed in Ni has effective coating corrosion resistance. 

[0292] Furthermore, the X-ray diffraction pattern indicated in Japanese Unexamined Patent Publication (Saikohyo) 
No. 5-822481, which is an example of the prior art of electrolytic phosphate chemical treatment, shows all phosphate 
peaks. 

30 

Examples 4 and 5 

[0293] Examples 4 and 5 are examples of reliably forming Ni for a coating substrate in the presence of phosphate, 
reducing the amount of electrolyzed Fe and reducing as much as possible the tendency for the treatment bath to dete- 
35 riorate. Thus, only electrolysis of Ni is performed in the first stage of cathodic electrolytic treatment, and this is followed 
by simultaneous electrolysis of Ni and Fe. At that time, the amount of electrolyzed Fe is 1/3-1/8 less than that of Exam- 
ple 3. 

[0294] The automobile air-conditioner part used in Example 3 was used for the article to be treated in Examples 4 
and 5, and phosphate chemical treatment and electrodeposition coating were performed according to the process of 
40 Table 6. Electrolytic phosphate chemical treatment was performed under the conditions of Tables 8 and 9. 

[0295] Evaluation of the coating corrosion resistance of Examples 4 and 5 was performed using the same method 
as Example 1 . Those results are shown in Table 1 8. 



45 Table 1 8 



Results of Evaluation of Coating Corrosion 
Resistance (Maximum Peeled Width) 




Peeled width after salt water 
immersion test (mm) 




Flat surface 


Outer periphery 


Example 4 


0 


2 


Example 5 


2 


4 



[0296] The corrosion resistance of Examples 4 and 5 is better than that of Comparative Example 3. As was stated 
in the explanation of Example 1 , it is difficult to form a film on the outer peripheral portion in the case of non-electrolytic 
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treatment. If the electrolytic treatment of the present invention is performed in Examples 4 and 5, it becomes possible 
to form a film even on such surfaces, indicating that corrosion resistance can be secured. 

[0297] Next, the results of EDX analysis of the phosphate chemical films obtained in Examples 4 and 5 are shown. 



Table 1 9 



Results of Film Analysis by Energy Dispersed X-ray Analyzer (EDX) 


Type of Ele- 
ment 


Atom number density (%) 


Ratio of atom number density vs. P 


Atom r 


lumber c 
ratio 


tensity 




P 


Fe 


Ni 


Zn 


P 


Fe 


Ni 


Zn 


Ni/Zn 


Ni/Fe 


Zn/Fe 


Exm.4 


Flat 
sur- 
face 


19 


62.8 


9.6 


8.61 


1 


3.31 


0.51 


0.45 


1.13 


0.15 


0.13 


Outer 

perip 
hery 


9.7 


77.7 


7.3 


5.3 


1 


8.01 


0.75 


0.55 


1.36 


0.09 


0.07 


Exm.5 


Flat 
sur- 
face 


19.9 


51.9 


15.4 


12.9 


1 


2.61 


0.77 


0.64 


1.20 


0.30 


0.24 


Outer 

perip 
hery 


26.8 


40 


25.1 


8.6 


1 


1.49 


0.94 


0.32 


2.94 


0.63 


0.21 



[0298] According to the results of Table 1 9, the trend of the composite ratio of an element that is not the base mate- 
rial (Fe) does not change in comparison with Table 12. Although both Ni and P are elements that are contained in the 
film, the ratio at which they are present (Ni/P) is 0.5 or more in both the results of Table 12 and Table 18, indicating that 
Ni in the film is present in amount greater than 1/4 the amount of P. The results also indicate that the film is considerably 
different to a film obtained by non-electrolytic treatment in which the Ni/P ratio is far less than 0.25 (see Table 12). 
[0299] The examples of Examples 4 and 5 indicate examples of cathodic electrolytic treatment using two Fe and Ni 
electrodes. They also indicate that this method is effective. 

Claims 

1 . An electrolytic phosphate chemical treatment method of forming a film containing at least a phosphate and a metal 
that does not form said phosphate on the surface of an article to be treated having electrical conductivity by per- 
forming electrolytic treatment by contacting said article to be treated with a phosphate .chemical treatment bath 
containing at least phosphate ions and phosphoric acid, nitrate ions, metal ions that form a complex with said phos- 
phate ions in said phosphate chemical treatment bath, and metal ions for which the electrical potential at which the 
ions dissolved in said phosphate chemical treatment bath are reduced and precipitate as metal is equal to or 
greater than the anodic electrolysis reaction potential of the solvent in the form of water or equal to or greater than 
-0.83 V (indicated as the hydrogen standard electrode potential); characterized in that, 

said phosphate chemical treatment bath has 0-400 ppm of metal ions other than those which are a component 
of the film, and is substantially free of solids having an effect on the film formation reaction; and, 
said article to be treated is treated by electrolysis in said phosphate chemical treatment bath with a metal mate- 
rial that forms a complex with phosphate ions in said phosphate chemical treatment bath, and a metal material 
for which the electrical potential at which the ions thereof dissolved in said phosphate chemical treatment bath 
is reduced and precipitates as metal is equal to or greater than the anodic electrolysis reaction potential of the 
solvent in the form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard electrode 
potential). 
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2. The electrolytic phosphate chemical treatment method as set forth in claim 1 characterized in that said phosphate 
chemical treatment bath contains 0-100 ppm of metal ions other than those which are a component of said film 
v/hich at least contains the phosphate. 

5 3. The electrolytic phosphate chemical treatment method as set forth in claim 1 characterized in that said phosphate 
chemical treatment bath is composed of said nitrate ions at a concentration of 6-140 g/l, said phosphate ions and 
phosphoric acid at a concentration of 0.5-60 g/l, metal ions that form a complex with phosphate in said phosphate 
chemical treatment bath at a concentration of 0.5-70 g/l, and metal ions for which the electrical potential at which 
the ions dissolved in said phosphate chemical treatment bath are reduced and precipitate as metal is equal to or 

io greater than the anodic electrolysis reaction potential of the solvent in the form of water or equal to or greater than 

-0.83 V (indicated as the hydrogen standard electrode potential) at a concentration of 0-40 g/l. 

4. The electrolytic phosphate chemical treatment method as set forth in claim 3 characterized in that said phosphate 
chemical treatment bath does not contain an acid having a degree of acid dissociation larger than the degree of 

is acid dissociation of said phosphate ions. 

5. The electrolytic phosphate chemical treatment method as set forth in claim 4 characterized in that, in said phos- 
phate chemical treatment bath, the acid having a degree of acid dissociation larger than the degree of acid disso- 
ciation of said phosphate ion is composed of nitric acid. 

20 

6. The electrolytic phosphate chemical treatment method as set forth in claim 1 characterized in that said metal ions 
that form a complex with said phosphate ions in said phosphate chemical treatment bath are composed of at least 
one of metal selected from the group consisting of zinc, iron, manganese and calcium. 

25 7. The electrolytic phosphate chemical treatment method as set forth in claim 1 characterized in that said metal ions 
for which the electrical potential at which the ions dissolved in said phosphate chemical treatment bath are reduced 
and precipitate as metal is equal to or greater than the anodic electrolysis reaction potential of the solvent in the 
form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard electrode potential) is at least 
one of metal selected from the group consisting of nickel and copper. 

30 

8. An electrolytic phosphate chemical treatment method of forming a film containing at least phosphate on the surface 
of an article to be treated having electrical conductivity by electrolytic treatment by contacting said article to be 
treated in a phosphate chemical treatment bath containing phosphate ions and phosphoric acid, nitrate ions, and 
metal ions that form a complex with said phosphate ions in said phosphate chemical treatment bath; characterized 

35 in that, 

said phosphate chemical treatment bath has 0-400 ppm of metal ions other than those which are a component 
of said film, and is substantially free of solids that have an effect on the film formation reaction; and 
that said article to be treated is treated by electrolysis with metal materials that form a complex with phosphate 
*o ions in said phosphate chemical treatment bath. 

9. The electrolytic phosphate chemical treatment method as set forth in claim 8 characterized in that said phosphate 
chemical treatment bath contains 0-1 00 ppm of metal ions other than those which form said film which at least con- 
tains phosphate. 

45 

10. The electrolytic phosphate chemical treatment method as set forth in claim 8 characterized in that said phosphate 
chemical treatment bath is composed of said nitrate ions at a concentration of 6-140 g/l, said phosphate ions and 
phosphoric acid at a concentration of 0.5-60 g/l, and metal ions that form a complex with phosphate in said phos- 
phate chemical treatment bath at a concentration of 0.5-70 g/l. 

50 

11. The electrolytic phosphate chemical treatment method as set forth in claim 8 characterized in that said phosphate 
chemical treatment bath does not contain acid having a degree of acid dissociation larger than the degree of acid 
dissociation of said phosphate ions. 

55 1 2. The electrolytic phosphate chemical treatment method as set forth in claim 1 1 wherein, in said phosphate chemical 
treatment bath, the acid having a degree of acid dissociation larger than the degree of acid dissociation of said 
phosphate ions is composed of nitric acid. 
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13. The electrolytic phosphate chemical treatment method as set forth in claim 8 wherein said metal ions that form a 
complex with said phosphate ion in said phosphate chemical treatment bath are composed of at least one of metal 
selected from the group consisting of zinc, iron, manganese and calcium. 

14. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 characterized by performing elec- 
trolysis using said article to be treated as the anode. 

15. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 characterized by performing elec- 
trolysis using said article to be treated as the cathode. 

1 6. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 characterized by performing elec- 
trolysis using said article to be treated as the anode followed by performing electrolysis using said article to be 
treated as the cathode. 

17. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 wherein cathodic electrolytic 
treatment, in which electrolysis of said phosphate chemical treatment method is performed using said article to be 
treated as the cathode, is composed of at least one of either electrolysis in which a metal material identical to a 
metal for which ions dissolved in said phosphate chemical treatment bath are reduced and precipitated, and/or an 
electrically conductive material that is insoluble in said phosphate chemical treatment bath, is used as the anode, 
and electrolysis in which a metal material that forms a complex in said phosphate chemical treatment bath is used 
as the anode. 

18. The electrolytic phosphate chemical treatment method as set forth in claim 1 wherein a cathodic electrolytic treat- 
ment of said phosphate chemical treatment method, in which electrolysis is performed using said article to be 
treated as the anode, characterized by comprising one cycle consisting of performing electrolysis in which a metal 
material identical to a metal for which ions dissolved in said phosphate chemical treatment bath are reduced and 
precipitated, and/or an electrically conductive material that is insoluble in said phosphate chemical treatment bath, 
is used as the anode, followed by performing electrolysis in which a metal material that forms a complex in said 
phosphate chemical treatment bath is used as the anode, and this cycle being performed at least once. 

19. The electrolytic phosphate chemical treatment method as set forth in claim 1 wherein a cathodic electric treatment 
of said phosphate chemical treatment method is carried out, in which electrolysis is performed using said article to 
be treated as the anode, characterized in that an electrolytic treatment is performed by separating it into an elec- 
trolysis tank in which electrolysis is performed using an electrically conductive material insoluble in the phosphate 
chemical treatment bath as the anode, and an electrolysis tank in which electrolysis is performed using a metal 
material that forms a complex in said phosphate chemical treatment bath as the anode. 

20. The electrolytic phosphate chemical treatment method as set forth in any of claims 1 7 through 1 9 characterized in 
that said metal material identical to a metal dissolved in said phosphate chemical treatment bath that is reduced 
and precipitated is at least one of metal selected from the group consisting of nickel and copper. 

21 . The electrolytic phosphate chemical treatment method as set forth in any of claims 1 7 through 1 9 characterized in 
that said metal material that forms a complex in said phosphate chemical treatment bath is at least one of metal 
selected from the group consisting of zinc, iron, manganese and calcium. 

22. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 characterized in that, in the case 
that said article to be treated is not in contact with said phosphate chemical treatment bath, the metal material, 
which is used as the anode in electrolytic treatment in which said article to be treated is used as the cathode, is 
used as a cathode, a material that is insoluble in said phosphate chemical treatment bath is used as an anode, and 
a voltage of 5 V or less is applied between said anode and said cathode. 

23. The electrolytic phosphate chemical treatment method as Set forth in either of claims 1 or 8 characterized in that, 
in the case that said article to be treated is not in contact with said phosphate chemical treatment bath, the metal 
material, which is used as the anode in electrolytic treatment in which said article to be treated is used as the cath- 
ode, is used as a cathode, a material that is insoluble in said phosphate chemical treatment bath is used as an 
anode, and voltage is applied, to a degree at which said cathode does not substantially dissolve, between said 
anode and said cathode. 
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24. The electrolytic phosphate chemical treatment method as set forth in claim 1 or 8 characterized by removing a por- 
tion of said phosphate chemical treatment bath from a tank having said phosphate chemical treatment bath, ther- 
modynamically stabilizing the energy state of the portion as a liquid of said phosphate chemical treatment bath and 
said portion being later returned to said tank. 

25. The electrolytic phosphate chemical treatment method as set forth in claim 24, characterized by removing a portion 
of said phosphate chemical treatment bath from said tank having said phosphate chemical treatment bath, and 
removing solids that have precipitated in said phosphate chemical treatment bath during the course of the film for- 
mation reaction, and said portion being returned to said tank. 



26. The electrolytic phosphate chemical treatment method as set forth in claim 24 characterized in that, when replen- 
ishing components of said phosphate chemical treatment bath, a portion of said phosphate chemical treatment 
bath is removed, and that a replenishing liquid is added to said removed bath that contains treatment bath compo- 
nents having a concentration higher than the concentration of at least one component among the components that 

is compose said phosphate chemical treatment bath. 

27. An electrolytic phosphate chemical treatment method in which electrolytic treatment is performed using an article 
to be treated as the cathode characterized by comprising a reaction in which a metal, for which the electrical poten- 
tial at which the ions of the metal dissolved in a phosphate chemical treatment bath are reduced and precipitate as 

20 a metal is equal to or greater than the anodic electrolysis reaction potential of solvent in the form of water or equal 

to or greater than -0.83 V (indicated as the hydrogen standard electrode potential), is dissolved in the phosphate 
chemical treatment bath, is reduced by electrolytic treatment from a cationic state and precipitates on the surface 
of said article to be treated, and a reaction in which metal ions that complex with phosphate ions in said phosphate 
chemical treatment bath precipitate as phosphate crystal in said phosphate chemical treatment bath corresponding 

25 to dehydrogenation of phosphate ions. 

28. The electrolytic phosphate chemical treatment method as set forth in claim 27 characterized in that said metal ions 
that complex with phosphate ions are at least one of metal selected from the group consisting of Fe, Zn, Mn Ca 
and Mg. 
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29. The electrolytic phosphate chemical treatment method as set forth in claim 27 characterized in that said metal for 
which the electrical potential at which the ions thereof dissolved in said phosphate chemical treatment bath are 
reduced and precipitate as a metal is equal to or greater than the anodic electrolysis reaction potential of solvent in 
the form of water or equal to or greater than -0.83 V (indicated as the hydrogen standard electrode potential) is at 

35 least one of metal selected from the group consisting of Ni, Cu, Fe and Zn. 

30. The electrolytic phosphate chemical treatment method as set forth in at least one of claims 1 , 8 and 27 character- 
ized in that the composition of the treatment bath when electrolytic treatment is performed is such that the ratio of 
the concentration of metal ions that complex with phosphate ions (g/l) to the concentration of phosphate ions and 

40 phosphoric acid (g/l) is 0.1 or more. 

31. The electrolytic phosphate chemical treatment method in which electrolytic treatment is performed using said arti- 
cle to be treated as the cathode as set forth in at least one of claims 1 , 8 and 27, characterized in that at the start 
of said electrolytic treatment, the voltage applied between metal materials that form an anode and a cathode is var- 

45 jed. 

32. The electrolytic phosphate chemical treatment method as set forth in claim 31 characterized in that said variation 
in the voltage applied at the start of said electrolytic treatment is in the form of pulses. 

so 33. A compound film on a steel surface characterized by being composed of a metal that does not form a phosphate 
and a phosphate compound, wherein said metal and phosphate compound that compose the film are dispersed 
throughout the entire film. 
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34. A compound film on a steel surface characterized by being composed of a metal that does not form a phosphate 
and a phosphate compound, wherein a metal is present on the uppermost surface of the film that at least does not 
form phosphate. 

35. A compound film on a steel surface characterized by being composed of a metal that does not form a phosphate 
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and a phosphate compound, wherein said film does not demonstrate peaks other than the inevitable unavoidable 
peak of phosphate in X-ray diffraction analysis. 

36 A compound film on a steel surface characterized by being composed of a metal that does not form a phosphate 
and a phosphate compound, wherein the number of atoms of the metal that does not form a phosphate is 0.25 or 
more the number of atoms of phosphorus that composes phosphate crystals. 

37 The compound film as set forth in at least one of claims 33 through 36 characterized in that said metal that does 
not form a phosphate is at least one of metal selected from the group consisting of Ni, Cu, Fe and Zn. 

38 The compound film as set forth in at least one of claims 33 through 36 characterized in that a metal that forms a 
phosphate compound is at least one metal selected from the group consisting of Fe, Zn, Mn, Ca and Mg. 

39. The compound film as set forth in at least one of claims 33 through 36 characterized in that said steel contains at 
least 95% by weight of iron (Fe) when the total amount of steel is taken to be 100% by weight. 

40. The compound film as set forth in claim 35 characterized in that said X-ray diffraction analysis is performed by 
ESCA or EDX analysis. 



25 



30 



35 



40 



45 



50 



55 



40 • 



EP 1 074 640 A1 



Fig.1 



EXTERNAL POWER SUPPLY 



COUNTER 
ELECTRODE 




ARTICLE TO BE 
TREATED 



PHOSPHATE CHEMICAL 
TREATMENT BATH 



41 



EP 1 074 640 A1 



Fig. 2 



ANODE 



(^DIRECT CURRENT 
POWER SUPPLY 



2 



CATHODE 



ANODIC 
REACTION 
(CATIONS) 

* A 



V 

CATHODIC 
REACTION 
(ANIONS) 

CATHODIC 
REACTION 
(SOLVENT) 



CD-I 



0-2 
CD-3 



CATHODIC 
REACTION 
( CATI0NSJ_ 
A 



ANODIC* 
REACTION 
(ANIONS) 

ANODIC 
REACTION 
( SOLVENT ) 



42 



EP 1 074 640 A1 




43 



EP 1 074 640 A1 




EP 1 074 640 A1 




45 



EP 1 074 640 A1 




nwQnnrm- *-pp in7AA4.nAi i -» 



EP 1 074 640 A1 




RNFDnr.m- <fp -\n7wn&t i 



47 



EP 1 074 640 A1 



Fig.9 




TIME (SEC) 



48 



EP 1 074 640 A1 





49 



EP 1 074 640 A1 




50 



EP 1 074 640 A1 




51 



r 



EP 1 074 640 A1 




g. XNHOD 



52 



EP 1 074 640 A1 



Fig.16 




5.000 20.000 



40.000 



60.000 



8Q0OO 



Fig.17 




20.000 



40.000 



60.000 



80.000 



BNsnnr:ir>! <fp m7iiA4nAi i > 



53 



EP 1 074 640 A1 




54 



EP 1 074 640 A1 



Fig. 20 




Fig. 21 



I 




EP 1 074 640 A1 



Fig. 22 




Fig.23 




56 




EP 1 074 640 A1 



Fig.24 




57 



Fig. 27 




58 



4 



EP 1 074 640 A1 



Fig. 28 




Fig. 29 




59 



4 



EP 1 074 640 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/07124 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 C25D11/36 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C25D11/36 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan ToroJcu Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

I. 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo7 93/22481, Al (Nippon Denso Co., Ltd.), 
11 November, 1993 (11.11.93) 
U AU. 4271993, A & EP, 597131, A 

& DE, 69316160, C 



1-40 



1 | Further documents are listed in the 



of Box C. {^] See patent family annex. 



"L" 



-rjr 



Special categories of cited documents: 

document defining the general stale of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



"P" document published prior to the international filing date but later 
than the priority date claimed 



T* later document published after the tnternationai filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance, the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
14 March, 2000 (14.03.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 
28 March, 2000 (28.03.00) 



Authorized officer 



Telephone No. 



60 



